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(57) A miniaturized total analysis system (>TAS") 
(200) comprising a miniaturized planar column device (2) 
isdescrfoed for use in liquid phase analysis. The fi-TAS 
(200) comprises, microstructures fabricated by laser 
ablation in a variety of novel support substrates (4). The 
U.-TAS (200) includes associated laser-ablated features 
(10) required for integrated sample analysis, such as 
analyte detection means and fluid communication 



means. u-TAS (200) constructed according to the inven- 
tion is useful in any analysis system for detecting and 
analyzing small and/or macromolecular solutes in the liq- 
uid phase and may employ chromatographic separation 
means, electrophoretic separation means, electrochro- 
matographic separation means, or combinations thereof . 
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Description 

Technical Field 

5 The present invention relates generally to miniaturized planar column technology for liquid phase analysis. More 
particularly the invention relates to a miniaturized total analysis system (ja-TAS) fabricated in novel separation support 
media using laser ablation techniques. The u-TA$ disclosed herein finds use in the liquid phase analysis of either small 
and/or macromolecular solutes. 

10 Background 

In sample analysis instrumentation, and especially in separation systems such as liquid chromatography and cap- 
illary electrophoresis systems, smaller dimensions will generally result in Improved performance characteristics and at 
the same time result in reduced production and analysis costs. In this regard, miniaturized separation systems provide 
15 more effective system design, result in lower overhead due to decreased instrumentation sizing and additionally enable 
increased speed of analysis, decreased sample and solvent consumption and the possibility of increased detection 
efficiency. 

Accordingly, several approaches towards miniaturization for liquid phase analysis have developed in the art; the 
conventional approach using drawn fused-silica capillary, and an evolving approach using silicon micromachining. What 
20 is currently thought of as conventional in miniaturization technology is generally any step toward reduction in size of the 
analysis system. 

In conventional miniaturized technology the instrumentation has not been reduced in size; rather, it is the separation 
compartment size which has been significantly reduced. As an example, micro-column liquid chromatography (\iLC) has 
been described wherein columns with diameters of 100-200 jim are employed as compared to prior column diameters 
25 of around 4.6 mm. 

Another approach towards miniaturization has been the use of capillary electrophoresis (CE) which entails a sep- 
aration technique carried out in capillaries 25-100 \im in diameter. CE has been demonstrated to be useful as a method 
for the separation of small solutes. J. Chromatogr. 21&209 (1981); Analytical Chemistry 5&1298 (1981). In contrast, 
polyacrylamide gel electrophoresis was originally carried out in tubes 1 mm in diameter. Both of the above described 
30 "conventional" miniaturization technologies (uLC and CE) represent a first significant step toward reducing the size of 
the chemical portion of a liquid phase analytical system. However, even though experimentation with such conventional 
miniaturized devices has helped to verify the advantages of miniaturization in principal, there neverthel ess remain several 
major problems inherent in those technologies. 

For example, there remains substantial detection limitations in conventional capillary electrophoresis technology. 
35 For example, in CE, optical detection is generally performed on-column by a single-pass detection technique wherein 
electromagnetic energy is passed through the sample, the light beam travelling normal to the capillary axis and crossing 
the capillary only a single time. Accordingly, in conventional CE systems, the detection path length is inherently limited 
by the diameter of the capillary. 

Given Beer's law, which relates absorbance to the path length through the following relationship: 

40 

A = e*b*C 

where: 

45 A = the absorbance 

e = the molar absorptivity, {l/rrfcm) 

b = path length (cm) 

C = concentration (m//) 

so "rt can be readily understood that the absorbance (A) of a sample in a 25 jim capillary would be a factor of 400x less 
than it would be in a conventional 1 cm path length cell as typically used in UV/Vis spectroscopy. 

In light of this significant detection limitation, there have been a number of attempts employed in the prior art to 
extend detection path lengths, and hence the sensitivity of the analysis in CE systems. In U.S. Patent No. 5,061 ,361 to 
Gordon, there has been described an approach entailing micro-manipulation of the capillary flow-cell to form a bubble 

55 at the point of detection. In U.S. Patent No. 5,141 ,548 to Chervet, the use of a Z-shaped configuration in the capillary, 
with detection performed across the extended portion of the Z has been described. Yet another approach has sought 
to increase the detection path length by detecting along the major axis of the capillary (axial-beam det ction). Xi et al., 
Analytical Chemistry 82A5Q0 (1990). 
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« Ji r atent 5 ' 273 - 633 t0 Wa "9- a further approach to increased detection path lengths in CE has been 
de^cr.bedwhereareflecting surface exterior of the capillary is provided, the subject system furtheS^ 
w^owandanexrt™^ r w m J ^ 

S a ( h T , Capilaryby mUltip,e internal refledions before passing through th JSTSS 
detected the sublet multiple internal reflections yielding an effective increase in path llngth. While Sdt *" 
mentioned approaches has addressed the issue of extending the path length, each approach is finH^S^^L 
eng.neer.ng the capillary after-the-fact or otherwise increasing the cost of the analysis^ 

■ ♦ ^e<x*id major drawback in the current, approach to miniaturization involves the chemical activity and chemical 
mstabrtrty of s, con dtatt (SKfa) substrates, such as silica, quartz or glass, which are comm^^hSSS 
■ ^ LC syaen«.Mprepartcu^ 

many compounds, most notably bases. The use of silicon dioxide materials in separation systems? SSESS 

pS ^XnTiT^ ° f *~ " diSS ° iUti0n ° f Si ° 2 mateS,S in 

SlSSZ 1 ^ ^ ^ SUrfaCe ° f h 9 ene -'' «* POSt^Sn 

^ 1 ^ they require the provision of an interfacial layer to bond a desired surface treatment to the 

capillary surface, us-ng. for example, seating agents to create Si-O-Si-C bonds. Although such modification^ may 

SESJZ^ 91 pHs 70 - Accore,in9ly> chemical ins,ability in Sio * materiais 

in J^SZ'^^ T ^ n -T shortcomin 9 s *» h 1,16 ch emistry of Si0 2 substrates, those materials are still used ' 

"ST s ^ TOduetothe,r ^ 

supenor chemical propert.es compared to silicon dioxide materials are generally limited in that they are ateo htahly 
adsoibmg in the UV region, where detection is important. • 

In order to avoid some of. the substantial limitations present in conventional ,iLC and CE techniques and in order 
tojableevengreaterreductionin separation system sizeMhere has 

havmg cap,llary separation m,crostructures. In this regard, production of miniaturized separation systems invoSS 
ncafton of microbes in silicon by micromachining or microlithographic techniques has been ScXTsee eq 

610(2^07^ 

s^Mo^^sti^r - (5):m " 149 (1991); ■* Manz *+• sens ° rs andActuators 

ncJ^T^fl ^T iCa ' ana ' ySiS SySt6mS for USe Chemical P rodu ctio". environmental analysis, medical diag- 
noses and basic laboratory analyse must be capable of complete automation. Such a total analysis system (TAS) 

SS ^ lt? n °J- f^ST 6t a ' (1989) Bk3teChn0L Bi0eh9 - M:423: Tshu.enaOsafpTys s2 
m293 Edmonds (1985) Trends Anal. Chem. 4:220; Stinshoff et al: (1985) Anal. Chem. 5Z.H4R Guibauft (1983) 

tZSSZ S f r S-T- Wm& (1983) TrendS M ° hem - automatically performs functions S from 
.ntroducbon of sample mto the system, transport of the sample through the system, sample preparation separation^ 

s^rts? 0 * 9 data acqufeition and eva,uation - Minia,urSd 

♦ "t 06 ^ Samp ' e P^^ 00 technologies have been successfully reduced to miniaturized formats Gas chroma- 

XS7 22T 1 ?^ 1984) d EnVimn - *"* ^ ^ h '" 9h »M" chromatography °Mu.ter ™ 

(1991) J MghBesohit Chromatin 14:1 74; Manz etal.. (1990) Sensor .SAcftvafo/sBI^Novomyetal eds nSi 

1984) M,cr*ColumnH,gh Performance Liquid Chromatography. Elsevier. Amstertam; Scott, ed. (1984) Small Bore 

*' 0 i\f' Chromat °9 n 52S:253; Manz et al. Trends Anal. Chem. lfl:144; Olefirowicz et al (1990) Anal Chem 

fnZ Til' °W EleCtro P h0 - is < 1 Ohromatogr. fflfc ShtrL Sal. ffi$£ 
Orte/n. §2.2714) have been reduced to miniaturized formats. 

Capillary electrophoresis has been particularly amenable to miniaturization because the separation efficiency is 

A r Sr IT ?*? ^ re9ard,6SS ° f the ,6n9th ° f 1,16 Harris °" 61 al " 0 993) sssss? 

Acapillary electrophoresis devrce using electroosmotic fluid pumping and laser fluorescence detection halbeen pre- 

a jSf" f 55 ™^"^ 6 - Effenha user et al. (1993) Anal. Chem. 655637-2642; Burggraf et al (1994) 

^07 S^? 1 ° 3 - 1 10 J" COntraSt t0 si,icon materials ( see - Hams °" « a '- d993) Sensors anrficiSS 
^ 16) polymde has a very h,gh breakdown voltage, thereby allowing the use of significantly higher voltageT 

Pnah^n T m '= r ° mach ' nin9 ' chnit ' lJes to febricafa separation systems in silicon provides the practical benefit of 
enabhng mass production.of such systems. In this regard, a number of established techniques developed by the micro- 
elecfronics .ndusfry ,nvolv,ng m,cromachining of planar materials, such as silicon, exist and provide a useful and well 
accepted approach to m,n,atur,zation. Examples of the use of such micromachining techniques to produce miniaturiS 
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separation devices on silicon or borosilicate glass chips can be found in U.S. Patent No. 5,194,133 to Clark et aL; U.S. 
Patent No. 5, 132,01 2 to Miura et al . ; in U.S. Patent No. 4,908, 1 1 2 to Pace; and in U.S. Patent No. 4,891 , 1 20 to Sethi' et al. 

Micromachining silicon substrates to form miniaturized separation systems generally involves a combination of film 
deposition, photolithography, etching and bonding techniques to fabricate a wide array of three dimensional structures. 
5 Silicon provides a useful substrate in this regard since it exhibits high strength and hardness characteristics, and can be 
micromachined to provide structures having dimensions in the order of a few micrometers. 

Although silicon micromachining has been useful in the fabrication of miniaturized systems on a single surface, 
there are significant disadvantages to the use of this approach in creating the analysis device portion of a miniaturized 
separation system. 

10 Initially, silicon micromachining is not amenable to producing a high degree of alignment between two etched or 
machined pieces, this has a negative impact on the symmetry and shape of a separation channel formed by microma- 
chining, which in turn may impact separation efficiency. Secondly, sealing of micromachined silicon surfaces is generally 
carried out using adhesives which may be prone to attack by separation conditions imposed by liquid phase analyses. 
Furthermore, under oxidizing conditions, a silica surface is formed on the silicon chip substrate. In this regard, silicon 

75 micromachining is also fundamentally limited by. the chemistry of Si0 2 . Accordingly, there has remained a need for an 
improved miniaturized total analysis system which is able to avoid the inherent shortcomings of conventional miniatur- 
ization and siliron micromachining techn^^ 

Summary of the Invention ' 

20 

The present invention relates to a miniaturized planar column device for use in a liquid phase analysis system. It is 
a primary object of the present invention to provide a miniaturized column device laser-ablated in a substantially planar 
substrate, wherein said substrate is comprised of a material selected to avoid the inherent chemical activity and pH 
instability encountered with silicon and prior silicon dioxide-based device substrates. 

25 The present invention is also related to the provision of detection means engineered into a miniaturized planar, 
column device whereby enhanced on-column analysis or detection of components in a liquid sample is enabled. It is 
further contemplated to provide a. column device for liquid phase analysis having detection means designed into the 
d evice in significantly compact form as compared to conventional technology In one particular aspect of the present 
invention, it is contemplated to provide optical detection means ablated in a miniaturized planar column device and 

30 having a substantially enhanced detection path length. 

It is a further related object of the present invention to provide a device featuring improved means for liquid handling; 
; . including sample injection, and to provide a miniaturized column device with means to interface with a variety of external 
liquid reservoirs. Specif ically contemplated herein is a system design which allows a variety of injection methods to be 
readily adapted to the planar structure, such as pressure injection, hydrodynamic injection or electroWnetic injection. . 

35 " !t ls yet a further reWed object of the present invention to provide a miniaturized total chemical analysis system (jut- 
TAS) fully contained on a single, planar surface. In this regard, a miniaturized system according to tha present invention 
is capable of performing.complex sample handling, separation, and detection methods with reduced technician. manip- 
ulation or interaction. Accordingly, the subject invention finds potential application in monitoring and/or analysis of com- 
ponents in industrial chemical, biological, biochemical and medical processes and the like. 

40 A particular advantage of the present invention is the use of processes other than silicon micromachining techniques 
or etching techniques to create miniaturized columns in a wide Variety of polymeric and ceramic substrates having 
desirable attributes for an analysis portion of a separation system. More specifically, it is contemplated herein to provide 
a miniaturized planarcolumn device by ablating component microstructures in a substrate using laser radiation. In one 
preferred embodiment, a miniaturized column device is.fbrmed by providing two substantially planar halves having micro- 

45 structures laser-ablated thereon, which, when the two halves are folded upon each other, define a sample processing 
compartment featuring enhanced symmetry and axial alignment. 

Use of laser ablation techniques to form miniaturized devices according to the present invention affords several 
advantages over prior etching and micromachining techniques used to form systems in silicon or silicon dioxide materials. 
Initially, the capability of applying rigid computerized control over laser ablation processes allows microstructure forma- 

so tion to be executed with, great precision, thereby enabling a heightened degree of alignment in structures formed by 
component parts. The laser ablation process also avoids problems encountered with microlithographic isotropic etching 
techniques which may undercut masking during etching, giving rise to asymmetricaJ structures having curved side walls 
and flat bottoms. 

Laser ablation further enables the creation of microstructures with greatly reduced component size. In this regard, 
55 microstructures formed according to the invention are capable of having aspect ratios several orders of magnitude higher 
than possible using prior etching techniques, thereby providing enhanced sampl processing capabilities in such devices. 
The use of laser-ablation processes to form microstructures in substrates such as polymers increases ease of fabrication 
and lowers per-unit manufacturing costs in the subject devices as compared to prior approaches such as micromachining 
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d 2S in t S,liCC fu thiS re93rd ' deviC6S formed accordin£ > t0 ^ inven,ion in "w^t polymer substrates have the 
added feature of being capable of use as substantially disposable miniaturized column units. ~ 

t„ JT? the ? SPed °' ^ inStant inV - enti0n ' laser - ablation in P'ana-- substrates allows for the formation of microstruc- 
tures of almost any geometry or shape. fHis feature not only enables the formation of complex device configurations 

TJS^S^ ^ Preparati0n ' ««•«. P«*«*«" reaction and detectionmlnsTn 

a miniaturized total analysis system of greatly reduced overall dimensions 

thP ^HKT 686 .? th !. analysis pcr * onin a deviceproduced under to the present invention, in conjunction with 
the feature that integral functions such as injection, sample handling and detection may be specif icaily engineeredTnto 

By the present invention, inherent weaknesses existing in prior approaches to liquid phase separation device min- 
£S a USin9 Si ' iCOn micromach ™9 techniques to form miniaturized column devices ££££ 

A ^ d,n9 ' y ' Present invention disctoses 8 ™iaturized total analysis system capable of performing 
vanety of liquid phase analyses on a wide array of liquid samples H«««minga 

75 

Brief Desc ription of the Figures 

Figure 1 is an exploded view of a miniaturized column device constructed in accordance with the present invention 
Figure 2 is a plan view of the interior surface of the miniaturized column device of Figure 1 
Figure 3 is a plan view of the exterior surface of the device of Figure 1 

.ho* 91 ? 4 'V cr ° ss - se?fional side view 0< the miniaturized column device of Figure 1. taken along lines IV-IV and 
showing formation of a sample processing compartment according to the invention 

Figure 5 is an exploded view of a prefened embodiment of the present invention including optical detection means 
H.t.S^t ' S ^l 85 - 88060 " 3 ' al view °t the intersection of the sample processing compartment and the optical 
detection means in the miniaturized column device of Figure 5. p 

ononJno n,I A i S ^l^T " 3 "? S ' de 0f * miniaturized column device having microchannels formed on two 
opposing planar surfaces of a support substrate. 

Figure 7B is an exploded view of a second side of the column device of Figure 7A 

- n ni p- F ' 9Ur ^ 8A u S l PiCt0rial representa t ion of a first side of a preferred embodiment of the miniaturized column device 
so of Figure 7A which is constructed from a single flexible substrate. 

Figure 8B is a pictorial representation of a second side of the column device of Figure 8A 

OfF^^ 

pon^irfo^a^dS^ "** ^ **» * 1 ° ^ ■»"** a,i ^ ent <* tha c - 
«3= SKSS SeT - ^ Pr0C6SSin9 «"^*«"- * the alignment of the 

mJJS!^' 3 " V 'T ° f 3 f urther P re,erred embodiment of the present invention having optional micro-alignment 
means on first and second component halves. y 

ponertMvet' 5 3 repreSentati ° n ° f,he CO,umn device * Fi 9^e 13 showing the micro-alignment of the com- 

Figure 15 is a diagram of an exemplary fi-TAS. 
on th^suoslrate. 3 " niUStrati0n * 3 ^ ^ * laser ' ab,ated reservoir compartment as an integral microstructure 

. J20. Cr08S ; SeCtion <* th e of Figure 15 showing laser-ablated microstrokes for communicating 
dS L " ? l PreSSUre PU ' Se *° 3 P ° S, - COlumn co,lection devi <* having laser-ablated sarnie 

ttS fa Tw 1 ?B , ' S 3 CrOSS - Sec,ion * *e J-TAS of Rgure 15 showing laser-ablated miaostT" 

COm 7 un,cat 'ng a sample droplet formed by a generating steam bubbles to a post-column sample collection 
device having laser-ablated sample droplet receiving microwells and a cover plate. Figure 1 7C is a cross-section oTtne 
£»m h T" 9 If T ablated mi <*ostructures for communicating a sample droplet formed by a generating 

SSSSSSS** Str6am 40 aP0St - C ° ,Umn «*^*«*» having a samp,e duplet receding 9 

^SS"^ Tt*™ * * e R " TAS ° f R9ure 15 in,erfaced a P°?t-column collection device 
^ 9 S dr 2 receding wel s- F.gure 18B is a pictorial representation of the »MAS of Rgure 15 interfaced wi* 
a post-column collection dev.ce having sample droplet receiving wells and a cover plate. 
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Detailed Description of the Invention 

Before the invention is described in detail, it is to be understood that this invention is not limited to the particular 
component parts of the devices described or process steps of the methods described as such devices and methods 
may vary. Itisalso to be understood that the terminology used herein isfor purposes of describing particular embodiments 
only, and is not intended to be limiting. It must be noted that, as used in the specification and the appended claims the 
singular forms "a." "an" and "the" include plural referents unless the context clearly dictates otherwise. Thus, for example 
reference to "an analyte" includes mixtures of analytes, reference to "a detection means" includes two or more such 
detection means, reference to "a sample flow component" includes more than one such component, reference to "an 
on-device fluid reservoir compartment" includes two or more such compartments, and the like. 

In this specification and in the claims which follow, reference will be made to a number of terms which shall be 
defined to have the following meanings: 

The term "substrate" is used herein to refer to any material which is UV-adsorbing. capable of being laser-ablated 
and which is not silicon or a silicon dioxide material such as quartz, fused silica or glass (borosilicates). Accordingly, 
mm.atunzed column devices are formed herein using suitable substrates, such as laser ablatable polymers (including 
poly.rn.des and the like) and ceramics (including aluminum oxides and the like). Further, miniaturized column devices 
are formed herein using composite substrates such as laminates. A "laminate" refers to a composite material formed 
from several different bonded layers of same or different materials. One particularly preferred composite substrate com- 
prises a poly.rn.de laminate formed from a first layer of polyimide. such as Kapton® (DuPont; Wilmington Delaware) 
that has been co-extruded with a second, thin layer of a thermal adhesive form of polyimide known as KJ® (DuPont)' 
This thermoplastic adhesive can be applied to one or both sides of the first polyimide layer, thereby providing a means 
for producing a laminate of desired thickness. 

The term "sample handling region" refers to a portion of a microchannel, or to a portion of a "sample processing 
compartment" that is formed upon enclosure of the microchannel by a cover plate or substrate in which a mirror image 
of the microchannel has been laser ablated as described in detail below, that includes a "sample flow component" or a 
"sample treatment component" By the term "sample flow component" is intended a portion of the sample processing 
compartment that interconnects sample treatment components. 

A "sample treatment component" is a portion of the sample processing compartment in which particular sample 
preparation chemistries are done. In particular, an analyte of interest is generally obtained in a matrix containing other 
species which may potentially interfere with the detection and analysis of the analyte. Accordingly, a sample treatment 
component is a portion of the sample processing compartment in which analyte separation from the matrix is effected 
Examples of functions which may be served by the sampletreatment component include chromatographic separations' " 
electrophoretic separations, electrochromatographic separations, and the like. 

As used herein, the term "detection means" refers to any means, structure or configuration which allows one to 
interrogate a sample wrth.n the sample processing compartment using analytical detection techniques well known in 
fu a .u ' 8 detectlon means includes one or mor e apertures, elongated apertures or grooves which communicate 
with the sample processing compartment and allow an external detection apparatus or device to be interfaced with the 
sample processing compartment to detect an analyte passing through the compartment. 

Changes in the electrochemical properties of a liquid sample passing through the sample processing compartment 
can be detected using detection means which physically contact the sample passing through the sample processing 
compartment. In one embodiment, an electrode may be placed within, or butt-coupled to a detection means such as an 
aperture or a groove, thereby enabling the electrode to directly contact the sample stream. By arranging two dissimilar 
electrodes (which are connected through an external conducting circuit) opposite each other relative to the sample 
processing compartment, an electric field can be generated in the sample processing compartment-transverse to the 
direction of sample flow-thereby providing a ready means of electrochemical detection of analytes passing through the 
compartment. 

Changes in the electrical properties of a liquid sample passing through the sample processing compartment can 
be detected using detection means which do not physically contact the sample passing through the sample processing 
compartment. Thus, "changes in the electrical properties" of a sample passing through the sample processing compart- 
ment refers to detectable changes in the conductivity, permittivity, or both of a particular sample due to the presence of 
an analyte in the sample. The "conductivity" of a sample refers to the ratio of the electric current density to tie electric 
field in that sample. The "permittivity" of a sample refers to the dielectric constant of a sample multiplied by the permittivity 
o empty space, where the permittivity of empty space fo) is a constant appearing in Coulomb's law having the value 
of 1 in centimeter-gram-second electrostatic units. 

Changes in the electrical properties of a sample passing through a sample processing compartment are measured 
herein by detection of the impedance of the liquid sample. The "impedance" or "electrical impedance" of a circuit refers 
to the total opposition that the circuit presents to an alternating current ("AC"), equal, to the complex ratio of the voltage 
to the current in complex notation. Thus, the magnitude of the total opposition that a circuit presents to an alternating 
current is equal to the ratio of the maximum voltage in an AC circuit to the maximum current. An "electrical impedance 
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™Zf reieTS t0 30 inStfUment ^'^ meaSUreS C ° mpl6X rafo 01 VOlta9e t0 currenf in a 9 iven circuit at a fre- 

anan^Sfi^ 03 ' " C ° mmunication P 3 * 5 " "P^e of carrying and/or transmitting electric current can be 
S ?c sample processing compartment such that the communication paths, in combination form a 
circuit. As used herein, a communication path includes any conductive material which is capable of transmitting , o rSeh, 
m^tn'Sn conductive material is copper. Thus, in one s^lLTa^TcZ 

munition paths forming an antenna circuit (e.g., a pair of copper antennae) are arranged adjacent to the samoTe 
processing compartment whereby a circuit is formed capab.e of passing an oscillating Soltagftihroug^ Te samSe 

^"'f^ H 6nt WhlCh £ S6nSitiVe 10 Chan96S <* 3 ■*« «°wing merethlough S 

Ai? al^Inna rirr ^ a T'''^ ** a P of radiating and/or receiving radio waves such as an alternating current (AC) signaT 

£ T! k ! ' ntendS 3 ° 0mplete elec,riCal drcuit inc,udes an a "tenna. An "antenna coil" refers to a Si 
through which antenna current (e.g., an AC signal) flows. . 

n a ^ e a r '-H y ^ arran f. mem ° f *"° deteCti ° n meanS 0pposite each other relative to the sample processing com- 
partment, a detection path" IS conveniently formed, thereby allowing detection of analytes passinjthrough the ^ e 
processing compartment using detection techniques well known in the art ^ 
An "optical detection path" refers to a configuration or arrangement of detection means to form a path wherebv 

£2 V 35 ^ ° f T iS 31516 10 fr ° m 30 eXtemal SOUrce to a means for r ^"° radiation wherefnte 
radiation traverses the sample processing compartment and can be influenced by the sample or separated analytes in 

to^nv^^ 

COn^Z^ SK T" 9 3 ° f de,eCti ° n meanS *"* ° PPOSrte 6300 0ther to *• sample processing 

J '^corrf .guration. analytes passing through the sample processing compartment canto detected via 

nl.T h w L at '°: ? rth ° 90nal t0 thS 3X15 ° f 106 Sam P ,e comparZnt (and. according yo^ol 

and to the direction of electro-osmotic flow in an electrophoretic separation). A variety of external SSdSSEn 

SZl tS? TTS* SamP ' e PrOCeSSin9 usi "9 - optica, detection^ inc E£ 

but not limited to. UWVis. Near IR. fluorescence, refractive index (Rl) and Raman techniques 

JT-m? k thS tefm ^ ansparent " refers to ability of a substance to transmit light of different wavelengths 
which ability may be measured in a particular substance as the percent of radiation which .penetrates ISZSJoM 

tosl^L 3 ^ 

S JSSST? ♦ ! , ° r PartC 68 0< ' ntereSt - Trans P arent sheets which are particularly employed in the invention 
SamoSlI SSS^ COnf i9Urati0nS ^ fr ° m materia ' S SUCh a - but 004 LS * ^ £35 
i™ J!?** "f 6 * ° f v V " ViSib u absor Pt ion de1ection of sample analytes herein, the terms "path length," or "optical path 

ftfls 1 30 ft PatH J en9,h " 6 " deriV6d fr0m Beer ' s ,aw " *** state s that A = .og( //',) ?s Vc SI 
s the absorbance, I, ,s the light intensity measured in the absence of the analyte. /, is the light intensity transmmed 

bis the optical path length (cm). Thus, .n a detection configuration wherein UV-Vis absorption of a sample analyte is 

W T TT ° PfiCa d6teCli0n PBlh by PaSSin9 li9ht P^ing compartment SE a X 

EST th h 6 ^ P ^ eSSin9 COm P artmen t m*r axis, the path length (b) of £e m^surement TLbSmfaTy 
defined by the dimensions of the sample processing compartment fcuosramiaiiy 

- d n te< f 0 J 1 interSeCtl '° n " re,ers 10 a configuration wherein a plurality of detection means that communicate with the 
a number of detection techniques can be simultaneously performed on a sample or separated analyte at the detection 
l^TZ'T^ 9 10 * e h inV6ntion - a detection -taction is formed when a p.uSity of d«C s ^ 
^^^l^^^^ 1Un f 0mmurtCa,es ** the messing compartment a't substanla." 

of JfiZ S.ll, ? T Sa - mP ' e ' ° f 3 Separat6d analyte ' 030 lhus be '"terrogated using a combination 
IZZlZ ^ ,uorescance tf hn.ques,opt.cal and electrochemical techniques, optical and electrical techniques, or like 

information - Beckera et ai - (1988 > j ~< 452:591 - 

As used herein, a "lightguide means" refers to a substantially long, thin thread of a transparent substance which 
can be used to transmit light. Lightguide means useful in the practice of the invention indude^ptiS STSSS 
\7LT 3 T °"f f T e "I PreferTed embodi - a "ts. optica, fibers are interfaced 
to enable optical detection techn.ques known in the art. The terms "optical fiber." "fiber optic waveguide" or "optical S 
means are used herein to refer to a sing.e optical fiber or a bundle optical fibers, optionally encased in a protecte 

« itZ^f T EX3mP ^K f ^ ° Ptiral fb6r SUDStrate indude S' a i P«astL gSr S s coSe 

P C °T Srte ,6ere - A CritiCal charac t eris tic of optical fibers is attenuation of an optical signal FuTer a 
chemical sensor can be incorporated into a fiber optic waveguide in a manner such that the chemical sensor wSl inVerart 

™^' qU K a n aly !! i trUCtUreSl Pr0pertieS ' *«*" «« °P erafonal de ta.l3 of such fiber optic cneS 



.0708331A1J_> 



7 



EP 0 708 331 A1 



The use of laser ablation techniques in the practice of the invention allows for a high degree of precision in the 
alignment of micro-scale components and structures, which alignment has either been difficult or not possible in prior 
silicon or glass substrate-based devices. Thus, the term "microalignment" as used herein refers to the precise and 
accurate alignment of laser-ablated features, including the enhanced alignment of complementary microchannels or 
5 microcompartments with each other, inlet and/or outlet ports with microchannels or separation compartments, detection 
means with microchannels or separation compartments, detection means with other detection means, and the like. 

The term "microalignment means" is defined herein to refer to any means for ensuring the precise microalignment 
of laser-ablated features in a miniaturized column device. Microalignment means can be formed in the column devices 
either by laser ablation or by other methods of fabricating shaped pieces well known in the art. Representative microa- 
10 lignment means that can be employed herein include a plurality of co-axially arranged apertures laser-ablated in com- 
ponent parts and/or a plurality of corresponding features in column device substrates, e.g., projections and mating 
depressions, grooves and mating ridges or the like. Further, the accurate microalignment of component parts can be 
effected by forming the miniaturized columns in flexible substrates having at least one fold means laser-ablated therein, 
such that sections of the substrate can be folded to overlie other sections thereby forming composite micro-scale com- 
15 partments, aligning features such as apertures or detection means with separation compartments, or forming micro- 
scale separation compartments from microchannels. Such fold means can be embodied by a row of spaced-apart per- 
forations ablated in a particular substrate, spaced-apart slot-like depressions or apertures ablated so as to extend only 
part way through the substrate, or the like. The perforations or depressions can have circular, diamond, hexagonal or 
other shapes that promote hinge formation along a predetermined straight line. 
20 The term "liquid phase analysis" is used to refer to any analysis which is done on either small and/or macromolecuiar 
solutes in the liquid phase. Accordingly, "liquid phase analysis" as used herein includes chromatographic separations, 
electrophoretic separations, and electrochromatographic separations. 

In this regard, "chromatographic" processes generally comprise preferential separations of components, and include 
reverse-phase, hydrophobic interaction, ion exchange, molecular sieve chromatography and like methods. 
25 "Electrophoretic" separations refers to the migration of particles or macromolecules having a net electric charge 
where said migration is influenced by an electric field. Accordingly electrophoretic separations contemplated for use in 
the invention include separations performed in columns packed with gels (such as polyacrylamide, agarose and com- 
binations thereof) as well as separations performed in solution. 

"Electrochromatographic" separation refers to combinations of electrophoretic and chromatographic techniques. 
30 Exemplary electrochromatographic separations include packed column separations using electromotive force (Knqx et 
al. (1987) Chromatographia24:K5\ Knox et al. (1989) J. L/q. Chromatogr 12:2435; Knox et al. (1991) Chromatographia 
32:317), and miceliar electrophoretic separations (Terabe et al. (1985) Anal. Chem, 57:834-841). 

The term "motive force" is used to refer to any means for inducing movement of a sample along a column in a liquid 
phase analysis, and includes application of an electric potential across any portion of the column, application of a pres- 
35 sure differential across any portion of the column or any combination thereof. 

The term "surface treatment" is used to refer to preparation or modification of the surface of a microchannel which 
will be in contact with a sample during separation, whereby the separation characteristics of the device are altered or 
otherwise enhanced. Accordingly, "surface treatment" as used herein includes: physical surface adsorptions; covalent 
bonding of selected moieties to functional groups on the surface of microchannel substrates (such as to amine, hydroxyl 
40 or carboxylic acid groups on condensation polymers); methods of coating surfaces, including dynamic deactivation of 
channel surfaces (such as by adding surfactants to media), polymer grafting to the surface of channel substrates (such 
as polystyrene or divinyl-benzene) and thin-film deposition of materials such as diamond or sapphire to microchannel 
substrates. 

The term "laser ablation" is used to refer to a machining process using a high-energy photon laser such as an 
45 excimer laser to ablate features in a suitable substrate. The excimer laser can be, for example, of the F 2 , ArF, KrCI, KrF, 
orXeCliype. 

In general, any substrate which is UV absorbing provides a suitable substrate in which one may laser ablate features. 
Accordingly, under the present invention, microstructures of selected configurations can be formed by imaging a litho- 
graphic mask onto a suitable substrate; such as a polymer or ceramic material, and then laser ablating the substrate 

so with laser light in areas that are unprotected by the lithographic mask. 

In laser ablation, short pulses of intense ultraviolet light are absorbed in a thin surface layer of material within about 
1 \im or less of the surface. Preferred pulse energies are greater than about 100 millijoules per square centimeter and 
pulse durations are shorter than about 1 microsecond. Under these conditions, the intense ultraviolet light photo-disso- 
ciates the chemical bonds in the material. Furthermore, the absorbed ultraviolet energy is concentrated in such a small 

55 volume of material that it rapidly heats the dissociated fragments and ejects them away from the surface of the materia! . 
Because these processes occur so quickly, there is no timefor heat to propagate to the surrounding material. As a result! 
the surrounding region is not melted or otherwise damaged, and the perimeter of ablated features can replicate the 
shape of the incident optical beam with precision on the scale of about one micrometer. 
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i 6n9th . 0< ! UCh an Ultravi0,e, ,i9ht source wi " ,ie in *» 150 nm t° ^ nm range to allow 

th L SUb f ate !° be ablated Furthermore, the energy densrty should be greater than about 1 00 m7 
^uLKIlSrr^^ 3 ' en9th Sh ° rter than ^ 1 microsec ond to achieve rap« ejection of abteted 
S^JTfL h K V "° ^ eat ' n9 01 me surroundi "9 remaini "3 material. Laser ablation tech^ques, such as those 

SSSS2,^2 r. d f ° ribed in the ^ 2n ° tinS ' T A ' et - - ^ Focus Electro Optics. (1987) pp. 54-70; U S 
Patent Nos. 5,291 .226 and 5,305,015 to Schantz et al. 

a measured quantty of a molten plastic or ceramic substrate into dies (or molds). In one embodimeniof the present 
.nvent.on. mimatur.zed column devices may be produced using injection molding P 

More Partcu'arly it is contemplated to form a mold or die of a miniaturized column device wherein excimer laser- 
ablation ,s used to def.ne an original microstore pattern in a suitable polymer substrate. The miaostruct^ eThus 
" b \l Ve T n m8tal byer electra P'«ed (such as by galvano forming) aSSS 

Z £ h t H Camer - ■ When ^ ^ "* iS S6parated from "» Po*™- « ™« ^rt (or tooling) 

S"Z St : UCtUre * ,he POlymen multiple replicas of the ablated microstructure 

pattern may be made ,n suitable polymer or ceramic substrates using injection molding techniques well known in the art 

i™!jT i ^ Pr0 ° eSS ,S t0 refer 10 S Pf0CeSS f0r fabrica «ng microstructures having high aspect ratios and 
Z^f Tf" Pf ^ S,0n , US !" 9 s y nchrofron radia « on lithography, galvanoforming. and plastic molding. In a UGA 
S?r!S iSS" sens * ve P ,asb f are lithographically irradiated at high energy radiation using a synchrotron source 
to create desired microstructures (such as channels, ports, apertures and micro-alignment means), thereby forming a 
primary template. ' M 

The primary template is then filled with a metal by electrodeposition techniques. The metal structure thus formed 

In this manner highly accurate repl.cas of the original microstructures may be formed in a variety of substratesusinq 
injection or reactive injection molding techniques. The LIGA process has been described by Becker. E W et al Micro- 

LIGA templates, and which are suitable substrates in the practice of the subject invention, may befound in "Contemporary 
Polymer Chemistry", Allcock, H.R. and Lampe, F.W. (Prentice-Hall. Inc.) New Jersey (1981) temporary 

the uTAsT 1 rh^St, h" y " me ^ S H hat * a ^^"t* descri °«l feature or structure may or may not be present in 
id^fnl!^ k T ? " bed e " rt ° r circumstance ma y or ■** «« occur, and that the description 
ndudes instance where said feature or structure is present and instances where the feature or structure is abserrt or 

*f " iM ent ° r c,rcumstance «*« and insta "oes where it does not. For example, the phrase "a jx-TAS 

SSSJ^JSS^- T intend u ** aCC6SS ^ * may not be P resent on the **• «□ that the 
description includes both circumstances where access ports are present and absent 

in a ^? n9ly ^ e i^ 0 " 00 "^" 8 fom *tion of miniaturized column devices including n-TASs using laserablation 
in a ^suitable substrate. It is also contemplated to form column devices and n-TASs according to the invention usino 
injection mold.ng techniques wherein the original microstructure has been formed by an excimer laser ablation process 
or where the original microstructure has been formed using a LIGA process 

a ^IHw« PartiClJl ^! y " microstructures a * sa"P'e processing compartments, injection means, detection means 

asermayalsobeusedin place of the excimer laser. In such a case, a complex microstructure pattern usetol for practicing 
-the invention may be formed on a suitable polymeric or ceramic substrate by combining a masking process wrth a laser 

<s SSS Eta rST 3 SteP " and - rePeat ^ Where P rocesses wou,d be understood by one of 

th„ .1" J 6 °! th ^ nV 1? ti0n ' 1 SUbStrate com P rises a Po'yimide material such as those available under 

the trademarks Kapton® or Up.lex® from DuPont (Wilmington. Delaware). although the particular substrate selected 
may _oompr.se any eta «Ufc .polymer or ceramic substrate. Polymer materia* particularly contemplated heTS 
2f« ^ I fcT ^ f ° ll0Win9 P0,yimide - P^^nate, Poster, polyamide, polyether. pdy 

22£rfT 1^*^ P °' ymer materia, S6leCted may be P roduced in ,ona **• °" a ^Und. optonal 
as^andreoea 3 ^ 

M^^lflV^T' * e Se ' eCted P0 ' ymer materia ' iS frans PO rte d to a laser processing charrber and laser- 
2S! ? ? y on ! or r re masks usin S laser radi afon. In a preferred embodiment, such masks define 

fn 723 SEJST^'? ^ ^ ° f *• material ' for eXamP ' e encom P^ in 9 >~>«P'e apertures (including 
mi t and outlet ports), micro-alignment means and sample processing chambers 

..f 6 "^ 6 '* pattems such a s the aperture pattern, the sample processing channel pattern, etc.. may be placed 

tTJZOi ° n a J°,T° t n £ a l ^f 3 * 6 *** i$ substantia "y lar 9ar than the laser beam. Such pattems may then 
be moved sequentially ,nto the beam. In other contemplated production methods, one or more mastemay be used to 
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TT? ? StratG ' 3n0ther mask and ,aser e ™ level ( and/or ™*w of laser shots) may be 

used to define sample process.ng channels which are only formed through a portion of the thickness of the subsXtfe 
- The masking material used in such masks will preferably be highly ref lecting at the laser waveleng? con Jsting of for 
example, a multilayer dielectric material or a metal such as aluminum. . listing of, for 

The laser ablation system employed in the invention generally includes beam delivery optics alignment ootics a 
hrgh prec.s.on and h,gh speed mask shuttle system, and a processing chamber including iSSSSKiSrt 
ZSEl t Jh V"*"? embodiment ' the system uses a projection mask configuration whS 

It will be readily apparent to one of ordinary skill in the art that laser ablation may be used to form miniaturized 
sample processing channels and apertures in a wide variety of geometries. Any geometry which does no TncZeS 
cutting may be provided using ablation techniques, such as modulation of .aser tight intensity across E substrate 
stepping the beam across the surface or stepping the f luence and number of pulses applied to each tocaton to cSoi 
corresponding depth. Further, laser-ablated channels or chambers produced according The lS2£t?JSSS 
noted having ratios c channel depth to channel width which are much greater than previously poss bto using e ciSg 
techniques such as sil.con m.cromachining. Such aspect ratios can easily exceed unity, and may even reach to n 

o^ctTe!^ 

™ 3 Pr f erre ? <* invertion - chan "els of a semi-circular cross section are laser ablated by controlling 

when a corresponding sem.-crcular channel is aligned with a channel thus formed, a sample processing ctaX?2 
SSSS Cr0SS ' SeCt, ' 0n IS d6,in6d ^ be dSSirab,e f ° r 6nhanCed ,,u " *" ^ 

As a final step in laser ablation processes contemplated by the invention, a cleaning step is performed wherein the 
laser-ablated portion of the substrate is positioned under a cleaning station. At the cleaning sStion. debTslom toe l2 
ablation are removed according to standard industry practice. 

As will be appreciated by those working in the field of liquid phase analysis devices, the above-described method 

Z£t "^r, 3 * ° f miniaturi2ed devices - 0ne such d *** represent^ i fE^SJ?. 
particular embodiment of a mmiaturized column device is generally indicated at 2. Generally, miniaS column 2 fe 
formed in a selected substrate 4 using laser ablation techniques. The substrate 4 generally comwfees fiS andT^ 

whS^ 

which is UV absoibing and, accordingly, laser-ablatable. 

In a particular embodiment of the invention, the miniaturized column device 2 comprises a column structure ablated 
on a chip which, in the practice of the invention may be a machinable form of the plastic polyimide such a^el®1 
is particularly contemplated in the invention to use such a polyimide substrate as based on TonSwe eSrience 

able substrate matenal for the analysis portion of a liquid phase sample processing system 

In this regaid, it has been demonstrated that polyimides exhibit low sorptive properties towards proteins which are 
knowntobeparti^larlydiffk^ 

of separations wrth this difficult class of solutes typically ensures that separation o/otoer classed 5 sofutos wJ be n7t 
^problematic. Furtoersinc^ 

^T3 Pr0V 'l e 3 deSirable SUrfaCe Pr0p6rties ' dependin 9 ° n ,he ^ Unlike prKcon dfoSe 

based systems, these bonds to the polymeric substrate demonstrate pH stability in the basic region ( P H 9 1 o? 

rlST 9 "° W l!Tr reS • : • SUbSfrate 4 h3S 3 microchannel ™ 'aser-ablated in a first planar surface 6 It will 
be readily appreciated that, although the microchannel 1 0 has been represented in a generally extendi form m cm 
channels formed according to the invention may be ab.ated in a large variety of configurations tch as in ^ TstS 
se^entine spiral, or any tortuous path desired. Further, as described in greater detail 5x>ve the SSanneMO mav 
" a w f ° f channel 9-metries including semi-circular, rectangular, rhomboid, and ^Z Z tZ 

channels may be formed in a wde range of aspect ratios. It is also noted that a device having a plurafity of micrachinnell 
so laser-ablated thereon falls within the spirit of the present invention microchanneb 

hin.ZrihTr' 0 ^'^ ? r i9UreS l ^ 4 ' 3 C ° V6r P ' ate 12 iS arranged over said first P' anar »"face 6 and, in com- 
bination with toe laser-ablated m.crochannel 10. forms an elongate sample processing compartment 14 Cover plate Iz 
may be formed from any suitable substrate such as polyimide. the selection of the substrate only being limited by alo id 
ance of undesirable separation surfaces such as silicon or silicon dioxide materials V 

55 ^m^nri? *° ' nVen !° n ' °T r P,3,e 1 2 may b fiX3bly ali9ned over the firat P |anar surf ^e 6 to form a liquid-tight 
2l P T in rT tmSnt by USinS Pr6SSUre SeaNn9 *^ues, ^ using external means to urge the Seces 

SSSta T, 35 PS ' S ' 0n SP : n9S ° r 3SS0Ciated dampinS 3PParatUS) ° r by usin9 adhesiv ^ well kno!vn in the * 
of bonding polymers, ceramics and the like. Ban 
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Referring to Figures 1 -4, a particular embodiment of the invention is shown wherein cover plate 1 2 further comprises 
apertures ablated therein. In this regard, a first aperture communicates with the sample processing compartment 

JZ^ cVTl*^ " "1* POrt 18 6nablin9 thB P 355396 ° f ,luid from " «*mal souL 

processing compartment. A second aperture communicates with the sample processing compartment 14 at a second 

s end20there°ftoform^^ 

h? s SL^°f n9 ' y ' 3 min j aturi2ed rolumn device * tormed having a flow path extendingTom the fSt enTlTof 
thesampleprocessing compartment and passing to thesecond end 20thereof, whereby liquid phase analysis of samples 
may be carried out using techniques well known in the art. samples 

Referring still to Figures 1 -4. a particular embodiment of the invention is shown comprising sample introduction 

^ nn 5r I ^ 9 dlSP ° Sed " ear 1,16 1 W end 1 6 0f « he reprocessing compartment. Two additional 
fff™^ 26 and 28 are formed ,n cover plate 12 and are arranged to cooperate with first and second ends (indicated 

ZTEZZST** * ? 6 ^ Channe ' 24 ' ' n ^ nmr - 8 Samp,e bein9 held in ™ externatSenS 

be Mi^d rto by-pass channel 24 to form a sample plug of a known volume (defined by the dimensions of the 

^ * 1 - ? amP ' e P,U9 thUS formed rTOy ,he " be introduced into the »* "d ie of the sample procis^g com 
partment 14 via inlet port 18 by communicating external mechanical valving with said inlet port and laser-ablated aper- 
tures 26 and 28 and flushing solution through the by-pass channe. 24 into the sample processing compare* 
introl^n^h fated by-pass channe. 24 and apertures 26 and 28 further enable a wide variety of sample 

£££ toS 25 PraCt,Ced a0C ° rdin9 10 ** inVenti0a Particu,ar,y havin 9 a b ^ channel which isTot 
e^SSnn Sn^T pr0CeSS,n9 «W*m«rt allows a user to flush a sample through the by-pass channel without 
SET* San ? e f rry -° ver °' column contamination. As will be appreciated by one of ordinary skill in the art after 
reading , this specification, one such sample introduction technique may be effected by butt-coupling an associated rotor 

SJnf^ ] ° n ?■ V ema ' SUrfaCe °' 3 miniaturi2ed column where the rotor se.ecLfy interfaces Semal 

tubing and fluid sources wrth .nlet port 18 and apertures 26 and 28. allowing a sample to be flushed from the by-pass 
" 'nto erterna, tubing from which the sample may then be introduced into the column via inTet port * £S 
£ 6 *S ,n *" re9ard - a "«*rt»d column device formed in a polyimide substrate enables a ceia^ic 
2S, h T 72 t ? nS ' 0ned fofCe (t ° form 8 ,iquid " ,i9ht seal >- t0 s * i " rotate be ^en selected aperture 
Eniri ml? a il !" Ce ?f ♦ r 6 ''f 0 " characteristics ° f two materials. Other suitable rotors can be formed in 
rigid materials such as. but not limited to. glass and non-conductive substrates 

Accordingly, in the practice of the invention, external hardware provides tiie mechanical valving necessary for com- 

Z^£'jrr^ Tif t0 different external ,iquid reservoirs - such as an ^25SS2£S 

miSSLT J T^T" ,aser : abla,ed holes desi 9 ned into *e coyer plate 12. This feature allows a variety of hjecSon 
22£ hydrodynanrc .njecton or electrokinetic injection. In the particular embodiment of Figures 1-3. it is contem- 
thJSriSr 3 ' T" 9 ,nJ6Cti0n ^ communicate th * samp'e Processing device by butt-coupling to 
K£ES r^TT' ^ any ° ther SUitab ' e meth0dS « connection known in »« art may easily be adapted 
ttTfTL^-J ' S n0t6d th3t nUmer0US ° ther sample Production and fluid interfacing designs may be pS 
ticed and still fall within the spirit of the subject invention. leprae 

nr^Sn^T 1 " 9 ^ *f 5™"*!?" 3 Wide ° f m63ns for applyins a motive force alon 9 *e length of the sample 
EST^ f aSS0Ci3t6d With * e Subject device - ,n 1,118 ^ a P^re differential or JS£ 

SS ESS^ 22 eentire ^ " ^ ^ Pr0CeSSin9 ™*»™ * 

a |i™Tt e h USe ° f ! n Ub8 !!f teS ^ 35 P° , y imides in *e construction of miniaturi 2 ed columns according to the invention 

^^ZftSi 1 ^?^^ ? d6teC,i0n -° det6Ct SePar3ted an3,yteS rt int6reSt P 3551 '" 9 ,hrou 9" 
SSh? T ^ 'u Pr0V ' S,0n * 3,1 associated 'aser diode which emits radiation at a wavelength where 

ss?nL? 0 rn r d^r asat ^ nm,a,, ^ to 

euh ^l! r !!l 9 h° W t0 R ? I^u" 3 Preferred embodiment 01 *™ inv antion. detection means may be ablated into the 
substrate^ and cover plate 12. where said detection means is disposed substantially downstream of the first end 16 S 
IrS rr 55 " 19 C , 0,T,partment 14 ' More Particularly, an aperture 34 may be ablated through substrate 4 to com- 
ZT?!S Sa !T P r^ S " 19 com P artment 14 A corresponding aperture 36 may be likewise formed in cover 
su^lTtrZ^l S V W be in C0 " 3Xi3, 3li9nment Wfth a P erture 34 when ^e cover plate is affixed to the 
SJSSL^T ^ ^ PrOC6 !f " 9 COmpartment 14 " ,n ™* ™™ r - a'ectrodes (not shown) may be connected to 
the miniaturized column dev.ee va the apertures 34 and 36 to detect separated analytes of interest passing through the 
sample processing compartment by electrochemical detection techniques ™gnine 
Referring to Figure 5. a further mbodiment of the invention, indicated at 2' is shown comprising a preferred detection 

m !T 5Tl My ?\* 2 - M ° re PartiCU,3r,y - 3 firSt ^eet 38 is provided whereh the coveJ plate ?2 
1" K between k sa,d ix f transparent sheet and substrate 4. A second transparent sheet 40 is also provided 
wherein the second sheet is disposed over the second planar surface 8 of the subsfrate 4. In this manner, detection 
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means 42 allows optical detection of separated analytes passing through sample processing compartment, formed by 
the combination of microchannel 1 0 and cover plate 1 2, via transmission of radiation orthogonal to the major axis of the 
sample processing compartment (and, accordingly, orthogonal to the direction of electro-osmotic flow in an electro- 
phoretic separation). Further, in the practice of the invention, the transparent sheets may comprise materials such as 
quartz, diamond, sapphire, fused silica or any other suitable substrate which enables light transmission therethrough. 

The subject transparent sheets may be formed with just enough surface area to cover and seal the detection aper- 
tures 34 and 36, or said sheets may be sized to cover up to the entire surface area of the column device. In this regard 
additional structural rigidity may be provided to a column device formed in a particularly thin substrate film, such as a 
thin-f ilm polyimide substrate, by employing a substantially co-planar sheet of, for example, fused silica. 

Accordingly, the above described optical detection means 42 enables adaptation of a variety of external optical 
detection means to miniaturized columns constructed according to the invention. Further, sealing of the transparent 
sheets 38 and 40 to the miniaturized column device 2' is readily enabled, for example, when ■ substrate 4 and cover 
plate 12 are formed in polyimide materials which include a layer of a thermal adhesive form of polyimide since it is 
known that quartz/Kapton® bonds formed using such adhesives are very resilient. Sealing of other preferred transparent 
sheet materials, such as diamond, sapphire or fused-silica to the subject device may be accomplished using adhesion 
techniques well known in the art 

The possibility of detecting with radiation over a range of electromagnetic wavelengths offers a variety of spectro- 
photometry detection techniques to be interfaced with a miniaturized column according to the invention, including UV/Vis 
fluorescence, refractive index (Rl) and Raman. 

Furthermore, as will be readily appreciated, the use of optical detection means comprising apertures ablated into 
the substrate and cover plate provides great control over the effective detection path length in a miniaturized column 
device constructed according to the invention. In this regard, the detection path length will be substantially equal to the 
combined thickness of the substrate 4 and the cover plate 12, and detection path lengths of up to 250 \im are readily 
obtainable using the subject detection means 42 in thin-film substrates such as polyimides. 

Referring now to Figure 6. it can be seen that apertures 34 and 36 provide an enlarged volume in sample processing 
compartment 14 at the point of intersection with the detection means 42, where that volume will be proportional to the 
combined thickness of substrate 4 and cover plate 1 2. In this manner, sample plugs passing through sample processing 
compartment 14 may be subject to untoward distortion as the plug is influenced by the increased compartment volume 
in the detection area, especially where the combined thickness of the substrate and cover plate exceeds about 250 am 
30 thereby possibly reducing separation efficiency in the device. 

Accordingly, in the present invention wherein detection path lengths exceeding 250 jum are desired, an alternative 
device embodiment is provided having laser-ablated features on two opposing surfaces of a substrate. More particularly, 
in Figures 7A and 7B, a further embodiment of a miniaturized column device is generally indicated at 52. The miniaturized 
column comprises a substrate 54 having first and second substantially planar opposing surfaces respectively indicated 
at 56 and 58. The substrate 54 has a first microchannel 60 laser ablated in the first planar surface 56 and a second 
microchannel 62 laser ablated in the second planar surface 58, wherein the microchannels can be provided in a wide 
variety of geometries, configurations and aspect ratios as described above. 

The miniaturized, column device of Figures 7A and 7B further includes first and second cover plates, indicated at 
64 and 66 respectively, which, in combination with the first and second microchannels 60 and 62, define first and second 
elongate separation compartments when substrate 54 is sandwiched between the first and second cover plates 

Referring still to Figures 7A and 7B, a plurality of apertures can be laser-ablated in the device to provide an e*tPnri e d 
separation compartment, and further to establish fluid communication means. More particularly, a conduit means 72 
comprising a laser ablated aperture in substrate 54 having an axis which is orthogonal to the first and second planar 
surfaces 56 and 58, communicates a distal end 74 of the first microchannel 60 with a first end 76 of the second micro- 
45 channel 62 to form an extended separation compartment. 

Further, an aperture 68, laser ablated in the first cover plate 64, enables fluid communication with the first micro- 
channel 60, and a second aperture 70, laser ablated in the second cover plate 66, enables fluid communication with the 
second microchannel 62. As will be readily appreciated, when the aperture 68 is used as an inlet port, and the second 
aperture 70 is used as an outlet port, a miniaturized column device is provided having a flow path extending along the 
so combined length of the first and second microchannels 60 and 62. 

In the embodiment of the invention as shown in Figures 7A and 7B, a wide variety of sample introduction means 
can be employed, such as those described above. External hardware can also be interfaced to the subject device to 
provide liquid handling capabilities, and a variety of means for applying a motive force along the length of the separation 
compartment can be associated with the device, such as by interfacing motive means with the first and/or second aoer- 
55 tures 68 and 70 as described above. 

Additionally, a variety of det ction means are easily included in the subject embodiment In this r gard a first aperture 
78 can be laser ablated in the first cover plate 64, and a second aperture 80 can likewise be formed in the second cover 
plate 66 such that the first and second apertures will be in co-axial alignment with conduit means 72 when the substrate 
54 is sandwiched between thef irst and second cover plates. Detection of analytes in a separated sample passing through 
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™^\^2!!T ereby 6a f y 6nabled ' SUCh 38 by connecti "9 ^odes to the miniaturized column via apertures 
78 and 80 and detecting using, electrochemical techniques. 

n -* l ST r : 3 K f y , <ea,Ure ° f th6 laser - ablated means 72 ^ *e ability to provide an extended optical detection 

S?i^^S?^' nt , 0,det t Cti0n - Re,e ™9 to Figures 7A, 7B and 9. first and second transparent sheets, 
ndicated at 82 and 84 respectively, can be provided such that the first cover plate 64 is interposed beLeen the firs 
ransparerrt sheet and the first planar surface 56. and the second cover plate 66 is interposed bleeTthe seccS 

materials such as quartz crystal, fused silica, diamond, sapphire and the like. Further, the transparent sheets can be 
coveT 5 ^SlTT 10 C0VGr and Seal *• ^ and 80. or those Sete can b fsSd to 

52J!£ ♦ 3C ! area 01 4,16 ° 0lumn deviCe - ^ described W 1 ' 5 fes *"e allows additional struck 

ngidrty to be provided to a column device formed in a particularly thin substrate structural 

As best shown in Figure 9, the subject arrangement allows optical detection of sample analytes passing through 
the miniatunzed column dev,ce to be carried out along an optical detection path lengih 86 corresponding to fte mSr 
72 Wi " be ■«""*«"* *- optical detection pato .ength 86 is s^sSLny deter- 

mined by the thickness of the substrate 54. and. accordingly, a great dea. of flexibility in taEng a miniaturized column 

SEIZES"! T" dimenSi ° nS and °P tical P ath le "9ths of up to 1 mm or greater istoereby enabled uZ 
the instant.nvent.on. In th.s manner, a w,de variety of associated optical detection devices may be interfaced with a 
mmtunzed column constructed according to the invention, and detection of analytes in samples pass ng ftroughte 
^ ^ ° Ut ^ UVMS ' fluoresce ^ Active index (Rl). RamTn anS like 

Referring now to Figures 8A and SB. a related embodiment of the invention is shown, comprising a miniaturized 
column device 52 . wherein the column portion and the first and second cover plates are formi in a single S 
subside generally ,nd,cat*d at 88. The flexible substrate 88 thus comprises three distinct regions, a column portion 

S^SiSZST^! St T' a " y P ' anar ° PPOSinQ SUrfaCeS * and reSpeCt,Vely ^ ere *• co,u ™ Son 
is interposed between af.rst cover plate portion 88A and a second cover plate portion 88C. The first and second cover 

£ ■£2L£? h Sf T SU S ntia " y P ' anar SUrfaCa 7116 f irSt COV6r Plate P° rti0 " «* and the column poZ 
S. fS ^?* „ y , I" 6 fo J d means 90 such t^t the first cover plate portion can be readily folded to overlie 
the first substantially planar surface 56' of the column portion 88B. The second cover plate portion 88C and the column 
portion 88B are likew.se separated by at least one fold means 92 such that the second cover plate cln bfreaX foS 

f rt "; e 7 90 and 92 can com Prise a row of spaced-apart perforations ablated in the flexible substrate, space* 
apart stot-like depressions or apertures ablated so as to extend only part way through the substrate, or the lite The 

Sfi - n^h. ^"'^.^^rnn device 52' is formed by laser ablating a first microchannef 60' in the first planar surface 
56 of the column portion 88B, and a second microchannel 62' in the second planar surface 58' of the column portion 
Each microchannel can be provided in a wide variety of geometries, configurations and aspect ratios. Af°rst^eparation 
compartinent is then formed by folding the f lexitte substrate 88 at the first fold means 9oTuch that toe f ScSer pSe 
JiTZZ Ch9nnel 6 °' t0 ,0rm 30 e ' 0n9ate Se ** a «™ compartment. A second sepaSon com 

^T^JZ ^ "? ,leX,ble SUbStrate 88 31 the S6COnd to ' d means 92 Such ** ^ second cova r 
plat porjon 88C covers toe second microchannel 62" to form a separation compartment as described above. A condul 

and second planar surfaces 56' and 58', communicates a distal end of the first microchannel 60' witha first end of toe 
second microchannel 62' to form a single, extended separation compartment ■ 

mJ^of^T 68 ' 'T ab,at ^ in,he,i ^ cover P late Por«on 88A. enables fluid communication wit^ 
m.crochannel 60 . and a second aperture 70\ laserablated in toe second cover plate portion 88C enables fluid com 

iTeSoZr rt SSCOn l mi r° Channel 62 ' As above, when thefirst and second apenurTsI fuSas an 

2,« P h r T 6 T Ve,y a m,n,aturi2ed co,umn dewce is Provided having a flow path Sending along the com- 
bined length of the first and second microchannels. 

fir* ^ Cti ° n ^. eanS ,! a ^ ^If ' y b6 inC ' Uded th6 d6ViCe 01 Fi9ures 8A a" d 8B. In one particular embodiment a 

Z ! I' ^ ^ b6 ,aS6r abbted i0 thS " rSt COV6r plate P^ 0 " and a second aperture 80* can likewise be 

TfZ ^TrTZZT POrti ° n ^ thS apertures are ■ nm * d to co-axSy communicate wi each 

2l * - 7, T t C ° ndUlt ^ 721 When the flexible subsfrate 88 is hin 9 ea hly folded as described 
above to accurately align toe apertures 78' and 80' with to conduit means 72' 

ninni?^^ ^"P^***!"™^. optional micro-alignment means-formed either by laser ablation tech- 
Z? £ ^ mS r n ° ab , nCa I tinS ShaPSd PieC6S We " in the art " are P rovided in *• miniaturized column 
^Z L^l^^T\ a S Ur T y ° f < 5 rres P° ndin a ' a ser-ablated apertur s (not shown) can be provided in toe 
column portion 88B and the first and second cover plate portions. 88A and 88C, respectively of toe flexible substrate 
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? t I" T e , r P ' ate POrfonS t0 a " 9n Vari0us features such as the detection means with 

SSZSL 2 i ^ T + 9 T 6nt ^ bS 6ffeC,ed USi " 9 an 6Xtemal appara,US with means < such « Pi^) for 
cooperating wrth the co-axial apertures to maintain the components are portions in proper alignment with each other 

t ha n^ " 9l T n ° V !l min j atUriZed ° 0lUmn devices have been described which are 'aser ablated into a substrate other 

ESifT? P J" 19 , miC '; 0 - column devices - 1116 u se of laser ablation techniques in the practice of the Son 
y kTTT' and accura,e, y defined ^cro-column devices to be fabricated in a wide class of pTymeric 
cotm s " bstra,es H ^ Provrde a variety of miniaturized liquid . phase ana|ysis s |n JSSSd 

coumns may be provided which have micro-capillary dimensions (ranging from 5-200um in diameter ami column 

SSi^ 2 ^ f* ^ Cfr ? phores,s ' witnout subster *a' engineering of a device after capillary formation. Fui laser 
ablaton of m,n,atur,zed columns in inert substrates such as polyimides avoids the p^^ 

formed m silicon or s-hcon d.oxWe-based materials. Such problems indude the inherent chemical activity and pS 
those dSces. dl0xris - based •«* the types of separations capable of being perform2fn 

In the practice of the invention, miniaturized column devices may beformed by laser ablating a set of desired features 
of" ^TrT P rocess to *™ terete units. In this regard^ is^Sart^ o^ 

plated to laser ablate the subject devices in condensation polymer substrates including polyimides pdJri£?pZ 

STo™ ^r?; FUrther 4,16 inStem inVenti °" may 66 Practiced usi "9 «i ■ i~ ab'afon p TS2s P c "a 
may be mass-produced us.ng injection molding techniques well known in the art. More particularly it is contemplated 

polycarbonates; polyesters, .nclud.ng polyethylene terephthalate) and poly(butylene terephthalate)- polyamdes (such 
K5* , P ° y f SrS ' ,nC ' U ? 9 P***"***^ a " d Po'Kphenylene sulfide); polyimides. such^ Kapton® aS 
bSSr' y f """T* ,n , clUdin9 ABS POlymerS> Ke '- F oopolymers, poly(methyl methacrylate), poWstyren^- 
XUrene P<"^rafluoroethylene). poly(ethylene-vinyl acetate) copolymers. pol y (N WcaSj arl 

Laser ablation of microchannels in the surfaces of the above^iescribed substrates has the added feature of enabling 
a wide variety of surface treatments to be applied to the microchannels before formation of the sample p ieS no 
compartment. That .s. the open configuration of laser-ablated microchannels produced using themeStheSon 

m^Snn^ r p 7 m T" cap,lla r^ 

W,th h Sur,ac 1 e ! ,eatunn 3 *"*Bonal groups, such as carboxyl groups, hydroxyl groups and amine group? 
thereby enabling chemical bonding of selected species to the surface of the subject microchannels iisira tehrt^ 
well known ,n the art. Other surface treatments enabled by the open configuration of the instant KThSrt SSS 
adsorptions, polymer graftings and thin film deposfoon of materials such as diamond or sapphire to tochannelVur 

SSUS on techniques and dynamic deactK,ation techniques we " ^ in 

n^J 1 ? ^"^ 1° eX6rt " m com P Ueri2ed control over the present laser ablation processes enables extremely precise 
microstructure formation, which, in turn, enables the formation of miniaturized columns having 

SE^S^ST* th0S6 COmP ° nentS may ** a,i9ned 10 ««™ " -SS^pfe^S 

^orTnf ^ ♦ „ SVmmefry 3nd 3X131 3li9nme^, • ,n this re 9 a,d - if is ^templated to provide aTurther embod 

^ellr h S f T" 3Ser 3b,3ti0n iS US6d 40 CTe3te »» C0m P° nent haKres wnic ". "*« fo'ded or aligned with 
one another, define a single miniaturized column device. 

in* Tr^ 9 ? W t !, Fi ^ re 10, 3 miniaturized column for liquid phase analysis of a sample is generally indicated at 
.Sed 7lM an?i 2T T * ^ 3 ^ ^ ' M h "*« f ^ --nd con^nerSi 

mlStil ^ 1? ! y ' The SUPP ° rt b0dy com P fise 3 substantially planar substrate such as a poly- 

so selected is not considered to be limiting in the invention 

1 10 21 IS ?l d n^ C ° nd C0 7 onent halves 106 and 1 08 each have substantially planar interior surfaces, indicated at 
110 and 1 12 respectively, wherein miniaturized column features may be laser ablated. More particularly a first micro 

lasratlS e n t 1 h 14 " T f"^ " ^ in,6ri ° r SUd3Ce 110 3nd 3 S6C0nd "*S22 Ktfem T 6 °s 
55 Stlrnc « 1 2f 8 T d P ^ ' rteri0r SUrf3Ce 112 - Accordin9 10 the invention - said « r st and second microchannS 
55 patterns are ablated in the support body 104 so as to provide the mirror image of each other 

bv me^T-^TJ 0 ^ 9 ^ 8 I 1 and , 12 ' 3 53,11,316 pfOC6SSin9 oompartment 1 18, comprising an elongate bore defined 
by the f,rst and second m.crochannel patterns 1 14 and 1 1 6 may be formed by aligning (such as by folding) the first and 
second component halves 1 06 and 1 08 in facing abutment with each other. In the pract ce of the inveS It 2 Sd 
second component halves may be held in fixable alignment with one another to form a Hquid-tighTsX e P^S 
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compartment us.ng pressure sealing techniques, such as by application of tensioned force, or by use of adhesives well 
known in the art of liquid phase separation devices. It is further contemplated according to the invention to form first and 
second microchannels 114 and 116 having semi-circular cross-sections whereby alignment of the component halves 
defines a sample processing compartment 1 18 having a highly symmetrical circular cross-section to enable enhanced 
fluid flow therethrough; however, as discussed above, a wide variety of microchannel geometries are also within the 
spirit of the invention. 

In a further preferred embodiment of the invention, it is particularly contemplated to form the support body 104 from 
a polymer laminate substrate comprising a Kapton® film co-extruded with a thin layer of a thermal plastic form of poly- 
im.de referred to as KJ® and available from DuPont (Wilmington. Delaware). In this manner, the first and second com- 
ponent halves 106 and 108 may be heat sealed together, resulting in a liquid-tight weld that has the same chemical 
properties and, accordingly, the same mechanical, electrical and chemical stability, as the bulk Kapton® material 

Referring now to Figures 10-12, the miniaturized column device 102 further comprises means for communicating 
associated external fluid containment means (not shown) with the sample processing compartment 118 to provide a 
liqutd-phase separation device. More particularly, a plurality of apertures may be laser ablated in the support body 1 04 
wherein said apertures extend from at least one exterior surface of the support body and communicate with at least one 
microchannel, said apertures permitting the passage of fluid therethrough. In this regard, an inlet port 120 may be laser 
ablated in the first component half 1 06 and communicate with a first end 1 22 of said first microchannel 1 1 4 In the same 
manner, an outlet port 124 may be ablated in the first component half and communicate with a second end 1 26 of said 
first microchannel 114. 

As is readily apparent, a liquid phase sample processing device may thereby be formed, having a flow path extending 
from the first end 1 22 of the microchannel 1 1 4 to the second end 126 thereof, by communicating f luidsfrom an associated 
source (not shown) through the inlet port 1 20. passing the f yds through the sample processing compartment 1 1 8 formed 
by the alignment of microchannels 114 and 1 16. and allowing the fluids to exit the sample processing compartment via 
the outlet port 126. In this manner, a wide variety of liquid phase analysis procedures may be carried out in the subject 
miniaturized column device using techniques well known in the art. Furthermore, various means for applying a motive 
force along the length of the sample processing compartment 1 18. such as a pressure differential or electric potential 
may be readily interfaced to the column device via the inlet and outlet ports, or by interfacing with the sample processing 
compartment via additional apertures which may be ablated in the support body 104 " 

Inlet port 1 20 may be formed such that a variety of external fluid and/or sample introduction means may be readily 
interfaced wrth the miniaturized column device 1 02. As discussed in greater detail above, such means include external 
pressure injection, hydrodynamic injection or electrokinetic injection mechanisms. 

Referring now to Figures 10 and 1 1 . the miniaturized column device 102 further comprises detection means laser 
ablated in the support body 104. More particularly, a first aperture 128 is ablated in said first corrponent half 106 and 
communicates wrth the first microchannel 114 at a point near the second end 126 thereof. A second aperture 130 is 
likewise formed in said second component half 108 to communicate with the second microchannel 116. Accordingly, a 
wide variety of associated detection means may then be interfaced to the sample processing compartment 1 18 to detect 
separated analytes of interest passing therethrough, such as by connection of electrodes to the miniaturized column via 
the first and second apertures 128 and 130. 

In yet a further preferred embodiment of the invention, an optical detection means is provided in the miniaturized 
column device 102. In this regard, first and second apertures 128 and 130 may be ablated in the support body 104 such 
that when the component halves are aligned to form the sample processing compartment 1 18 said aoertures are in co- 
axial alignment with one another, said apertures further having axes orthogonal to the plane of said support body. As 
will be read.ly appreciated by one of ordinary skill in the art. by providing transparent sheets (not shown), disposed over 
the exterior of the support body 1 04 and covering said first and second apertures 1 28 and 130. a sample passing through 
sample processing compartment 118 may be analyzed by interfacing spectrophctometric detection means with said" 
sample through the transparent sheets using techniques well known in the art. The optical detection path length may 
be substantially determined by the combined thickness of said first and second component halves 106 and 108 In this 
manner, an optical detection path length of up to 250 Mm is readily provided by ablating the miniaturized column device 
in a 125 urn polymer film. 

Accordingly, there have been described several preferred embodiments of a miniaturized column device formed 
according to the invention by laser ablating microstructures on component parts and aligning the components to form 
columns having enhanced symmetries. As described in detail above, formation of the subject microchannels in the open 
configuration enables a wide variety of surface treatments and modifications to be applied to the interior surfaces of the 
channels before formation of the sample processing compartment. In this manner, a wide variety of liquid phase analysis 
techmques may be carried out in the composite sample processing compartments thus formed, inducting chromato- 
graphic, electrophoretic and eiectrochromatographic separations. 

In the practice of the invention, it is further contemplated to provide optional means for the precise alignment of 
component support body halves, thereby ensuring accurate definition of a composite sample processing compartment 
formed according to the invention. More particularly, in a further preferred embodiment of th invention, micro-alignment 
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apXeTand ?3£ * ,aSer - ablated com P° nent P arts s ^ microchannels, detection 

Referring now to Figures 13 and 14. a miniaturized column device constructed according to the present invention 
is generally indicated at 150 and is formed in a flexible substrate 152. The column device ciprlJi^^SS 

llff ca h T * y 7,18 intenor surfaces com Prise laser-ablated microstructures, generally indicated at 162 

T^SST^ are arranged 10 provide the mirror ima ' ge of one in lhe same manner as de ^ 

The accurate alignment of component parts may be enabled by forming a miniaturized column device in a flexible 
substrate 152 having at least one fold means, generally indicated at 180. such that a first body half 1 S may be fofded 

LuSS 1 S^ce^l^^f ^ fo,d m6anS 189 ^ 3 rW ^ ^Part perforations aSti^tS 

ST!! 1 0t ' ke de P ressions or a P ert " r es ablated so as to extend only part way through the sub- 

Hnl'fn r V T" V***™"* * depressions «V hava «*«*». diamond, hexagonal o? ofter shapes that promote 
hinge formation along a predetermined straight line. p 

< -„ Ac ^ rd l n 9^. in tne P factice of tne invention, the fold means 180 allows said first and second support body halves 
abtX ^ 

ablated on said first and second planar interior surfaces 1 58 and 1 60 

"J* ,u *er contemplated to provide additional micro-alignment means formed either by laser ablation or by other 

lZT m h n0 T*J apa ? £ GCeS We " knwm in the art - More «P«* ica »* a P'^lity of laser-ablated apertures no 
shown)may be provided ,n saidfirst and second support body halves 154 and 156 where said apertures are soar JnS 
such that co-axial alignment thereof enables the precise alignment of the support body hatves to define composS 
features such as an ablated e.ongate bora Alignment may be effected using an externa, apparatus with meSsih 

Refernng to Figures 13 and 14. ,n yet another particular embodiment of the invention, micro-alignment means ml 

2T^T!r" t T 0 "" SUPP ° rt b0dy ha ' veS 154 and 156 usi "9 fabrication techniques JSkZTh to 
art eg. molding or the like. In this manner, a plurality of projections, indicated at 164. 166 and 168 may be taih 

sXrtb^haS^ 

with 3S h iS T di ' y 3PParent ' the micr °- ali 9^^ means are configured to form corresponding structures 

with one another, whereby projection 164 mates with depression 170, projection 166 mates with degression 172^ 

S I 68 ^ depreSSi0n 174 ^ «* ^ are £^2f£ZZl wS one 

an^Jnthsmanner.pos^ therebl^urately 
defining composite features defined by said laser-ablated microstructures 162 a°<eo,mereDy accurately 

As will be readily apparent to one of ordinary stall in the art after reading this specification a wide variety of corre- 

SKIS SJT M a S diti ° nal inC ' Ude 3ny C ° mbinati0n ° f h0,es and/or corresponding'sJuc 

SSSSSS'S?^ COmP ° nent ^ ^ featUreS C00perate to enable P- isa ali ™» 

, ^J? 1 " ? ?t at6S °" e embodiment * a ^" TAS - Whil * this embodiment is described for bioanalytical applications 
see Example 1), it an object of the invention to provide start-to-finish analysis for any solute species ScSSaS 

SS * wei9ht) and ,arge (9reater ,han about 1000 ™^ weight) rtSSSSESSI 

Generally, n-TAS 200 can be constructed as described in detail above by providing a substrate having first and 
second planar opposing surfacesand laser ablating a microchanne. having morefhan one sample hm££S££l 

? 9 lo ^ 214 thr ° Ugh 2205 in the ,irSt p,anar substrate - and °P^y having a plurality of las^SS acceS 
ports (222 through 232) and detection means (234 through 240). A sample processing companmem EEJlSS 
flow components (202 through 212) and sample treatment components (21 4 through 22„) corrlpon^g to *e Z 
handling regions can be formed by arranging a cover plate over the planar surface (see, e.g , Figure 4 

P t^r ter,or aurfaces - laser ablatin 9 mi ™ fnages of a microchannel having more than one sample handHno 
region 202 trough 21 2 and 214 through 220) h*.l^«rt«el*.lfc«rti^c« f ^K^S 
and opfconal.y having laser-ablated access ports (222 through 232) and detection means W^mZZ£ 

z^ZTZVr:^TT m vz components (2oz throu9h 2125 and 

through220)maybeformedbyahgn.nglhe^^ 

In a further embodiment. n-TAS 200 may be constructed as described above in r ference to FiouresSA andSB Si 

o^ao^ 

planar opposing surfaces, a first cover plate portion and a second cover plate portion Thus, for example a microchanS 
having more thanone sample handling region (202 through 212 and 214 through 220) can be laJ^^efrS 
pianarsurfaceofthecolumnportono^ 
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™? ™ ™ I? ♦ , - fo,d mea0S SUCh the firSt COVer p,ate portion ««« * e P'anar surface of the 
thi, nhK'° "h^Tk ZZT ima9eS ° f 3 microchan "el having more than one sample handling region (202 
through 212 and 214 through 220) can be laser ablated in the first planar surface of the column portion and the interior 
surface of thefirst cover portion of thefiextoiesub^ 

5 thef lexib.e substrate at the first fold means as described above by aligning the first pianarsurface of the coE2port2 
with the .ntenor surface of the first cover portion in facing abutment with each other 

Generally, the sample handling region of the microchannel from which the sample flow components (202 through 
rllZi^V^ !? 9ate 3 ", d semi - circular in 9 e0metr v- However, as described in greater detail above, the micro- 

IO rl r y h 8 T l"? Wanety ° f Ch3nnel 9«>metrieB ind ^ns semi-circular, rectangular, rhomboid, and the 
^ 11^ thl f T V ^ I med in 3 Wide ra " 9e ° f 3SpeCt rati0a ^ handling region of the microchannel 

S ^ ^ treatment com P° nente (214 through 220) are formed is typically rectangular; however, it may be 
Sfnn^ 1 k" T ^ 960metry - Furthermore - in a "y P^^ular n-TAS. the sample handling regions of the micro- 
Sn ^ iT Sl?f "? combination ° f geometries including rectangular, square, triangular, and the like. In addi- 

1S I ifh TT* , S 9Ure 15 COnta ' nS Samp ' e ,,OW "^"te with high aspect ratios (i.e., aspect ratios 

is m which the depth of the m.crostructure is greater than the width) and sample treatment components with low aspect 
ratios (i.e.. aspect ratios in which the width of the microstructure is greater than the depth), this is not intended to be 
limiting. For example, sample treatment components may have high aspect ratios, as in fourth sample treatment com- 
ponsnt 22 Q. 

As depicted in Figure 15, ,i-TAS 200 is a serial arrangement of alternating sample flow components 202 throuah 
2 2 and sample treatment components 214 through 220. Optionally, detection means 232 through 240 are disposed 
along the sampleflow components. The detection means may be formed in the cover plate, thesubstrate itself, or both 
the cover plate and the substrate, as described in greater detail above 

comlnn^^r^ ^T^VT- ^ ***** " R9Ure 15 3re diS P° Sed al °"9 » a sam P'e «<" 

components. The access ports allow the f luid communication of the sample flow component with, for example external 

hqu.d reserves or mechanical valving necessary for the introduction or removal of samples, buffers and the'like from 
TlT^ T T^.f r6qUired 10 6ffeCt Samp,e PW*°n by the p-TAS. External hardware may also be 

along the length of the sample processing compartment may be associated with the p-TAS. Thus, access ports may be 
in Avertable and swrtchable fluid communication with a valving manifold such that a valve in communication with an 
so access port can be ind.v,dually "actuated." i.e., opened to allow flow or closed to prevent flow through the access port 

b P i 7 rl 6nCe '1 15> ^" TAS 200 depiCt6d * ere in contains ^ access port 222 by which sample may 
be introduced into first sample flow component 202 that is in fluid communication with first sample treatment component 
21 4. The sample may be directly added to the sample f bw component via first access port 222 without prior processing 
35 deS aCCeSS P ° rt " 2 ^ ^ interfaCed an eXtemal pre -° 0]umn sam P ,e reparation device, e.g.. a filtration 
In one errtoodiment. sample treatment component 214 performs a filtration function and may be filled with a porous 
E£Z « ■ ^n 6S ' 'I 6615 ° r membranes - ,n 3 P^ erred embodiment, the medium has an effective pore size of 
behveen 45 jim and 60 pm. Preferably, the medium is biocompatible and may be made from such materials as nylon 
cellulose, polymethylmethacrylate, polyacrylamide. agarose, or the like. In an alternative embodiment, thefiltration func- 
tion may be performed by an in-line device prior to introduction of the sample into sample flow component 214 

In the particular embodiment depicted in Figure 1 5. sample treatment component 214 is desioned to serve a "cap- 

r>Z% ^ r ° r 3 ^ T qUantal chromat °9 ra Phic technique (i.e.. a chromatographic technique that could 
otherwise be performed m a batch mode rather than with a flowing sample stream). An affinity chromatography matrix 
may include a biolog.cal affiant, an antibody, a lectin, enzyme substrate or analog, enzyme inhibitor or analog enzyme 
cofactor or analog, a capture oligonucleotide, or the like, depending on the nature of the sample. The ion exchange 
£5" ma l be an ani0 , n,c or cMc ion exchange medium. Completion reactions may include boronate reactions 

2^!l r ? c a ^ 0n \T T^ 0 . 03, ** eXamp,e ' Wm P° rphyrin 0r Phenanthroline. or other reactions in which the 
sample is reversibly reacted with the chromatography matrix. 

^^1^^ SSCOnd ac , ca s * porte 222 and 224 ar e respectively disposed upstream and downstream from first sample 
treatment component 214. When first access port 222 is used as an input port and second access port 224 is usedas 
aw*drawal port, sample treatment component 214 can be isolated from downstream p-TAS sample handling regions 
Thus wh.le a sample .s loaded onto sample treatment component 214. extraneous materials which are flushed from 
ZTcT xTI"' compo _ nen * durir, 9 «*We capture may be withdrawn and. in this manner, prevented from entering 
h « M IT* 6 hand " n9 re9bnS - MemaS ^ ^cond access port 224 may be used as an fluid input port 
to provide flow regulation, sample denization, or other like function when connected to a source of fluid which may 
be an external flu.d source or an on-device fluid reservoir compartment (see Figure 16) 

Once a sample has been introduced into first sample flow component 214. sample flow may be effected by way of 
an external motive means which is interfaced with first access port 222. Alternatively, sample flow into sample treatment 
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component 21 4 may be effected by activation of an on-device motive means, e.g. , an on<ievice fluid reservoir compart- 
d^nZ^Z T 3 " 8 f 1 bG jP difeCt ° r iPdirect c ™^°n with second sample flow component 204 

, 5 5 ° samp ! e treatment component 21 6 - second access p° rt 224 -SEE «£32d ™ 

P ■ t 35 a " 001161 ^ ftereby iS0,atin9 SeCOnd sam P' e treatn ™t component 21 6 frTd^St eLm^ t!1 

and SLSSSS 1 " R9Ure 15 ' SamP ' e treatmSnt COmp0nent 218 has been confi 9^ as an analyte focussino 
folTnn ^ P f ^T" 9 C ° u mpartment ' ^ such - ^ «^P'e treatment component 218 oan be an iSSric 
focusing component, an isotachophoretic sample stacking component or the like Aoain third «rnrL ti ill .! 
ponent 218 is flanked by third and fourth access ports 226 and 2aTwhich m ™^ ^ M C ° m " 

f , lo ^°"* Sample component 220 may include single or multiple functions selected from chromatoaraohic 

°! electro-chromatographic funcfions. Although only one sample treatment compon^O fshol in 

ntid!' SIJE ,UnCt, ° nS ' th6 Stati ° nary Phase "V be bonded or otherwise adhered t^he^urface' oTa 
Kes^^^ 

a rr?^^ 
f ™c^ 

and"^e cLSrX " meanS ™* ***** M ° *• SUbstrate - «»" ■** <* ««h the substrate 

Optionally, as illustrated and described in detail in reference to Figures 7 and 8 fourth detection mean, am ma „ 

£^3SbT*"^ ,aser - ab,ated ^ in 54 ^^^zs^x 

f.rst 56 and second 58 planar surfaces of the substrate, and communicating a distal end 74 of the sa^^oror Jt^n 
compartment 60 with a first end 76 of a second microchannel 62 to form an tended sample £l£Z£SZS 

fluorescence, refracts index (Rl), Raman and like spectrophotometry techniques 9 S ' 

A Jr a S e i^^^^ 
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compartment In addition, sixthaccess port 232 may interface additional laser ablated microstructures for communicating 
a sample droplet to a post-column collection device (see Figures 1 7 and 1 8). 

Figure 1 6 illustrates a ft-TAS 250 haying a laser-ablated fluid reservoir compartment 252 as an integral "on-device" 
microstructure on the substrate. Fluid reservoir compartment 252 may be formed by laser ablation of a suitable micro- 
s structure in the substrate to provide a compartment in which buffers or other reagents may be held. Such reservoir 
compartment may be used to provide a makeup flow fluid, a flow regulation function or to provide a reagent for post- 
separation pre-detection analyte derivatization. 9 P 

. M P f ! Xa . mP l e depiC !f d in Fi9ure 16Al reservoir microstructure 252 having inlet port 254 and outlet port 256 is 
'aserablated^ 

io ratio to prov.de a reservo.r compartment having a desired volume. Outlet port 256 can be in fluid communication with 
sample processing compartment 260 by way of interconnecting microchannel 262. The inlet port is optionally divertably 
connected to an external source of fluid from which the reservoir compartment maybe filled. The reservoir compartment 
252. interconnecting reservoir flow component 262, and sample processing compartment 260 are respectively formed 
from the reservoir rmcrostructure and the interconnecting microchannel in combination with cover plate 264 

75 In another example illustrated in Figure 16B, fluid reservoir compartment 252 may be formed by laser' ablating a 
reservoir rr«crostructure 252 having an inlet port 254 and an outlet port 256 into first planar substrate 258 and mirror 
.mage structures 252', 254' and 256' in second planar substrate 258'. The reservoir compartment 252 is formed when 
the first and second substrates are aligned as described in detail above. 

9 «n *lf ^ ° f h6ld thS f ' Uid reSefVOir """Part™™ may be delivered to sample processing compartment 

channel 26Z Fluid flow from the reservoir compartment to the sample processing compartment may occur via passive 
diffusion. Optionally, the fluid may be displaced from the reservoir compartment by an actuator means. A variety of 
micropumps and microvalves that will find utility as an actuator means according to the invention disclosed herein are 
well known ,n the art and have been described, for example, in Manz et al. (1993) Adv. Chromatogr. 33:1-66 and refer- 
25 ences cited therein. — 

, As /" ustra ! ed incr °ss-sectjon in Figure 16C, the reservoir compartment 252 is optionally covered with thin membrane 
,!f * °o« a . iaphra9m : typ ® , pum P ; P 3851 ^ microvalve 268 is optionally integrated into interconnecting micro- 

SXS J?*^ 0,dis P |aced fluid into *e reservoir compartment Optional gas- or liquid-filled cavity 

rlZl^ «^ V !S e !T em ^ ane - ^ Uator meanS 272 ^ be emp,oyed t0 effect f ,uid displacement from reservoir 
compartment 252 by deflection of membrane 266. 

Actuator means 272 may act to directly deflect membrane 266. Accordingly, the actuator means may be a piezoe- 
U*tnc. pistoa solenoid or other type of membrane-deflecting device. Alternatively, the actuator means can be a heating 
means by which the temperature inside cavity 270 can be regulated. The heating means may be a resistance-type 
heating means or any type of suitable heating means known in the art. Upon actuation, the temperature of the heating 
ri T\ S '"^sesjhereby heating the contents of cavity 270 and increasing the volume thereof, producing a downward 
deflection of membrane 266. and displacing fluid from reservoir compartment 252. into interconnecting microchannel 
262. past valve 268 and into sample processing compartment 260. 

Alternatively, heating means 272 may be disposed in thermal contact with reservoir compartment 252 itself In this 
configuration as the heating means temperature increases, the volume of the fluid in the reservoir compartment 
40 increases and is thereby displaced from the reservoir compartment into the sample processing compartment 

• . ?T ° f PUmping mect,ani5ms may be incorporated into the fi-TAS disclosed and claimed herein 

include those which operate on the principles of ultrasonic-induced transport (Moroney et al. (1 991) Proc MEM SV1 p 
277) or elecfrohydj^ynamic-induced transport (Richter etal. (1991) ProcMEMSVI p. 271). In addition, chemical valv<* 

« S°of t a y dnVen P° | y electro| y te Sels (Osada (1991) Adv. Materials 3:107; Osada et al. (1992) Nature 
45 d5o:242) may be used. 

device (320) are generaHy shown ,n Figure 17. Figures 17A, 17B and 17C are cross-sections of a ,x-TAS illustrating 
means whereby sample droplets are generated and expelled from the (i-TAS for post-column collection. Referring now 
to figure 17A, sixth sample flow component 212 and sixth access port 232 are in fluid communication with sample 
iT,o m ,? ^ compr ! sin 9 mixin 9 Camber 304 in fluid communication and in axial alignment with sixth access 
port 232, fluid communication means 306 and an outlet nozzle 308. The fluid communication means 306 may be a 

C °I2 J! * u With t an edernal SOUrCe ° ,fluid (Figure 17A > or a microchannel (Figure 17C) laser ablated in the 
substrate. As shown in Figure 17A, fluid communication means 306 is in divertable fluid communication with an external 
eservoir of gas or liquid (not shown) and a means whereby a pulse of gas or liquid may be expelled from the external 
reservo.r thereby generating sample droplet 310. In Figure 17A. post-column collection device 320 shown therein in 
cross-section may be a substrate in which sample droplet receiving microwell 322 has b en laser ablated As described 
with respect to other microstructures formed by laser ablation, microwell 322 may be of any geometry and any aspect 
ratio. Post-column collection device 320 is shown in greater detail in Figure 18. 



30 



35 



SO 



55 



19 

3NSDOCID: <EP 0708331A1_I_> 



EP 0 708 331 A1 



A further example of means for generating and expelling a sample droplet from a n-TAS is shown in cross-section 
in Figure 17B. A heating means 312 can be situated in thermal contact with sample delivery means 302. As the tem- 
perature of heating means 312 increases, a steam bubble builds up in mixing chamber 304, thereby forming sample 
droplet 310. For further discussion of fluid delivery using this method see Allen et al. (1985) Hewlett-Packard J. May 

5 198521 -27. As in Figure 1 7 A, post-column collection device 320 shown in Figure 1 7B in cross-section may be a substrate 
in which sample droplet receiving microwell 322 has been laser ablated- In addition, cover plate 324 may be movably 
interposed between the ^-TAS and the post-column collection device 320. Cover plate 324 is a structure that has an 
opening 326 in axial alignment with nozzle 308 and receiving well 322 and is intended to provide protection of empty or 
filled wells from contamination or from evaporation of sample droplets previously collected. 

10 Yet another example of means for generating and expelling a sample droplet from a ji-TAS is shown in cross-section 
in Figure 17C. As illustrated in Figure 17C, and in further reference to Figure 16, fluid communication means 306 can 
be interconnecting microchannel 262 having a first end in fluid communication with sixth access port 232 and a second 
end in fluid communication with on-device fluid reservoir compartment 252. Alternatively, fluid communication means 
306 may be a microchannel having a having a first end in fluid communication with sixth access port 232 and a second 

75 end terminating in an access port which is in fluid communication with an external fiuid reservoir (not shown). Heating 
means 312 may be situated in thermal contact with fluid communication means 306. As described above, actuation of 
heating means 312 results in the increase in the temperature thereof, the build up of a steam bubble in mixing chamber 
304, and the formation and expulsion of sample droplet 31 0. Fluid communication means 306 is optionally formed from 
a microchannel laser ablated in cover plate 264 or from mirror-image microchannels laser ablated in interior surfaces 

20 258 and 258\ As in Figures 17A and 1 7B, post-column collection device 320 shown in Figure 1 7C in cross-section may 
be a substrate which holds a bibulous sheet means 328 for solid phase sample collection. Bibulous sheet means 328 
for solid-phase sample collection may be filter paper, absorbent membranes, or the like. As described with respect to 
Figure 17B, cover plate 324 may optionally be movably interposed between the fi-TAS and the post-column collection 
device 320. 

25 As shown in Figure 1 8, post-column collection device 320 comprising sample receiving means that may be sample 
receiving wells 322 or bibulous sheet means 328 can be positioned relative to nozzle means 308 to receive the sample 
droplet 310 from the nozzle means. The sample receiving means may be a microwell 322 laser ablated in a substrate 
for liquid phase sample collection or may be a bibulous sheet means 328 for solid-phase sample collection. The substrate 
for post-column collection device 320 is optionally a material other than silicon or silicon dioxide and microwells 322 are 

so laser-ablated in the substrate. As shown in Figure 18, the receiving means is optionally in rotatabie alignment with the 
outlet nozzle such that multiple fractions may be collected. Alternatively, as shown in Figure 1 8B, post-column collection 
device 320 includes protection means 324 with opening 326 in axial alignment with the outlet nozzle, wherein protection 
means 324 is interposed between jt-TAS 200 and sample receiving wells 322. Although post-column collection device 
320 is depicted as a disc in rotatabie alignment with fi-TAS 200, it will be recognized by one of skill in the art that the 

35 configuration of the collection device need not be so limited. Thus, post-column collection device 320 may be configured 
for example, as a linear arrangement of sample receiving wells 322, or the like. 

It is to be understood that while the invention has been described in conjunction with the preferred specific embod- 
iments thereof, that the description above as well as the example which follows are intended to illustrate and not limit 
the scope of the invention. Other aspects, advantages and modifications within the scope of the invention will be apparent 

40 to those skilled in the art to which the invention pertains. 

The following example is put forth so as to provide those of ordinary skill in the art with a complete disclosure and 
description of how to use the method of the invention, and is not intended to limit the scope of what the inventors regard 
as their invention. Efforts have been made to ensure accuracy with respect to numbers (e.g M amounts, temperature, 
etc.) but some errors and deviations should be accounted for. Unless indicated otherwise, parts are parts by weight! 

45 temperature is in °C and pressure is at or near atmospheric. 
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Example 1 

Separation of Immuno globulins from Serum 

The serum sample used in this Example is composed of the following immunoglobulin analytes. 





IgG 


igA 


igM 


Concentration (mg/dl) 


1200 


200 


100 




Y 


fast y to p 


fast y top 


Mass (kDa) 


150 


. 160 


900 



(4a£S£££Z >o a n I T S ^ " hl * the immun °9lobulin analytes will be extracted include albumin 
(4600 mg/dl) bilirubin (0.4 mg/cfl). cholesterol (211 mg/dl), creatinine (1.1 mg/dl). glucose (108 mg/dl) calcium (9 a 
mg/dl). phosphorous (4.0 mg/dl), nitrogen as urea (15 mg/dl) and uric acid (5.9 mg/dl) ] " ( 

A ft-TAS dev.ce wrth exterior dimensions of approximately 20 mm x 60 mm is fabricated using the laser ablation 
techmques descnbed above in a polyimide materia, available under the trademark Kapton® from 

b D et^as e LrxC h Td s ;r ed • * e dimensions oi - samp,e — ~* 

First sample treatment component 21 4 is approximately 5 x 10 x 0.2. This provides component with a volume of 2 0 

nt£i!,1T h " 3 ^ 3 high Surface area ' tor «"»"Ptai • iopartcle or a m^e 

Z ITJ t , n l SP ^' f,Crty ,0f thS analyte> in th|s 0356 ""^nogiobulins G, A or M. The specificity of the^aMe 
matnx interaction .s based on, for example, the hydrophobic nature of the analyte (e.g.. reverse phase <?SrSobfc 

hand 2"J ; ST 9 ^?^ U i0niC CharaCt6r ° f *« analyte < e -9- exchange chroSt^hy) oTlKS 

SSlSSSf*' ? y !? ° n af,iPrty ° f the maWx for 1,16 ,n eitner case the fonctLnoHhe 

first sample treatment component is to "capture" the desired analyte and thereby provide a preconcemration fonSion 
Rrst and second access ports 222 and 224 are laser ablated in the substrate and provide iiS?S335SS^ 
be introduced into or wrthdrawn from first and second sample flow components 202 and 2o!ZS^nSt^ 
treatment component 214 and which are in fluid communication therevXVirst and second ^eTpoTte £S£l 
are in divertable communication with a valving manifoW such that valves specifically associated KSfilS 

«£Z2ZZ£ t0 ^ SamP ' e ,0ad ' n9 ^ Pri ° r to **» 0f the ***** from the SSS 
For the purpose of the example, 5 nl of human serum, containing a total of about 150 femtomoles of loG ? ? 

SEE? 9M i 3 "' 25 feml0m0,eS ° f l9A ' iS l0ad6d ° nt0 f irSt ™* treatment ^pcSm m. wh^^ a 

inST, T °°! 9 Pr0tein (Pi6rce) " hfch bWs to and '9 M - ^ding may^ 

njectins ia bolus thereof or pumptng the sample into the componentthrough first accessport 222 The LriSefeanotS 

loZnf J I 1 irSt ^ treatment com P° nent 21 ' oon^ KJXS^ abS 
solution to clear the chamber of other unbound solutes in the sample 

rtaJlf^JS T*? equilibrated 106 "f*™ "«Wx in the first sample treatment component 214 valves asso- 

coZTJZT^t^r* ^ ^ 224 ^ aCtUated " a " d 3 deCOU P ,in 9 s °'^" Pumpi^ughTe 
co^nenttoelutetheana^ 

ITJ^ a, t6r T e T the analyte haS been -utad " tam firat sample treatment component 2? ana nas 
been loaded on the second sanple treatment component 216 hu lemcii am nas 

•^JUTS treatment component 216 (3 x 30 x 0.2; 18 ul) is designed to serve a desalting function There are 

several modes wh-ch may be used to desalt the analyte. For example, desalting can be accomplished usinq an etec^o 

SSZ^Sr? ^ dif,6rent " Sma " " nd ' ar96 ""^ h 3 Partcula^mlt One aKemate 

th?m^ method uses fluid pressure as a means for effecting mass transport, with size exclusion chromatography^ 
the modec separation. Further, rt.s possible that a mode combining both motive forces could be applied simuSoudv 
S5ST! 1 r*£™«**» se Pa^«on mode (see, e.g., Knox et al. (1987) Cta^S^toS 
(1989) J. Zjg. C/7Aoma/ogrl£:2435; Knox et al. (1991) Chromatographia 3131 7) 

For the purpose of this example, second sample treatment component 21 6 contains an anti-convective media such 

llZt^^T^*^** ° r a9ar0Se - Valves associated «» andSd^eSpir^ 
226 are actuated to solate the second sample treatment component 21 6 during this step 

C aotu^l?ZL e ^ a ! ( 1e^, ^T?^ 2 1 8 (3 X 40 X ° 2: 24 "0 serves an a" 3 '^ 6 ^ focusing function. After the 
capture and desalting steps, rt is likely that band broadening will have occurred, and so a band touting step is reared 
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Analyte focusing can be done either by isoelectric focusing (IEF) mechanism in a gel matrix, chromatofocusing or by 
isotachophoresis. a ' 

For the purpose of this example, third sample treatment component 21 8 contains a liquid ampholyte or an ampholyte 
in a gel matnx as described by Wehr et al (1 990) Am. Biotechnol. Lab. 8:22 and Kilar et al. (1 989) Electrophoresis 10:23- 

Valves coupled to third and fourth access ports 226 and 228 are actuated in order to equilibrate the matrix in third 
sample treatment component 218 with the appropriate buffer. Valves communicating with second and fourth access 
ports 224 and 228 are then actuated to elute the analyte from second sample treatment component 21 6 Second detec- 
tion means 236 is monitored to determine when all of the analyte has been loaded into third sample treatment component 
V» * * ! f 9 "* ' S pr0dUCed by aCtuatins «a'ves communicating with third and fourth access ports 226 and 
228. A so-called polybuffer having an operating range of pH 7-4 or 9-6 (Sigma) is used. Separation of IgG from IgM and 
igA occurs in this step. ** 

Fourth sample treatment component 220 (50 am x 50 mm; 100 nl) effects the final separation of IgA from IgM The 
separat.cn is accomplished using capillary zone electrophoresis (CZE). in which the separation of IgA and IgM occurs 
based on the large difference between the charge/size ratio. As above, this component is loaded and isolated by actuation 
of va ves in the manifold which communicate with fourth and fifth access ports 228 and 230 and sample loading is 
monitored via third detection means 238. 'wwmy o 

The last step of the exemplary determination of serum immunoglobulin analytes by the u-TAS occuis in fifth sample 
flow component 210 by monitoring fourth detection means 240. This is the detection on which analyte quatitation is 
based. Spectrophqtometric detection would provide the quantitative data required. Fifth access port 230 is used as a 
means for .ntroducing a reagent for post-column derivation, e.g., dansylation or dabsylation, and detection Femto- 
moles of immunoglobulins in nanoliters of final elution buffer yield micromolar to high nanomolar concentrations Depend- 
ing on the path length and mode of spectrophotometric detection, no reagent may be needed. 

25 Claims 

1. A miniaturized total analysis system (u- TAS) (200) comprising a miniaturized column device (2) comprising: 

(a) a substrate (4) having first (6) and second (8) substantially planar opposing surfaces wherein said substrate 
(4) iscompnsed of a material other than silicon or silicon dioxide, said substrate (4) having a first microchannel 
(10) laser-ablated in the first planar surface (6). wherein said first microchannel (10) comprises more than one 
sample handling region (202, 204, 206, 208, 210, 212, 214, 216, 218, 220)- 

(b) a cover plate (12) arranged over the first planar surface (6), 'said cover'plate (12) in combination with the 
first microchannel (10) forming a first sample processing compartment (14). wherein the sample handling 

2 °4 2 °6. 208, 210. 212. 214. 216. 218, 220) define a sample flow component (202. 204, 206 
dOZ, 210, 212) in fluid communication with a sample treatment component (214, 216 218 220)- and 

(c) at least one inlet port (18) and at least one outlet port (22) communicating with the first sample processing 
compartment (14). said inlet (18) and outlet (22) ports enabling the passage of fluid from an external source 
through the sample processing compartment (14). 
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2. A u-TAS (200) device comprising: 

(a) a support body (1 04) formed from a substrate (4) comprised of a material other than silicon or silicon dioxide 
sari support body (1 04) havingfirst (106) and second (1 08) component halves each having substantially planar 

"5 interior surfaces (110. 112); . ,p 

(b) a first microchannel (114) laser- ablated in the interior surface (1 10) of the first support body half (1 04) and 
a second microchannel (1 16) laser-ablated in the interior surface (1 12) of the second support body half (108) 
wherein said first (114) and second (1 16) microchannels are arranged so as to provide the mirror image of the 
other; 

so (c) a sample processing compartment (1 4) formed by aligning the interior surfaces (1 1 0. 1 1 2) of the support 

body halves (1 06. 1 08) in facing abutment with each other whereby the microchannels (114 116) define said 
sample processing compartment (14) and wherein said sample processing compartment (14) comprises sam- 

£^J"? refli0nS (2 ° 2 ' 2 ° 4 ' 2 ° 6, 2 ° 8 ' 210> 212, 214> 216, 218 ' ^ ^h define a sample flow component 
(202. 204. 206. 208. 210.212) in fluid communication with a sample treatment component (214 216 218 220V 
55 and ' ' '* 

(d) at least one inlet port (120) and at least one outlet port (124) communicating with the sample processing 
compartment (14), said ports enabling the passage of fluid from an external source through the sample process- 
ing compartment (14). 
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3. The m-TAS (200) of claim 1 or 2, characterized in that the first sample processing compartment (14) comprises a 
sena arrangement of sample handling regions (202. 204. 206, 208. 210. 212. 214. 216 218 220 SeS a 

^Z^il^!^^ ,,0W C ° mPOnen,S (2 ° 2 ' 204 ' 206 ' 2 ° 8 - 21 °' 212 > and ^'e ^mert 

4 ' rL^wJ 20 ? ofcla,Y " 3 ' comprising detection means (232, 234. 236. 238, 240) laser-ablated in the 
fnoco^ 

mert(U) ( * } y 9 deteCti ° n * 3 Samp ' e P 385 '" 9 thrOU9h the sam P' e ProcSng compart- 
5. The jr-TAS (200) of claim 3, further comprising: 

il a h^Z!T Cr0 2 rUCtUr !i 252) ,aser - ablaled in *• « r * P'^ar surface (6). wherein the cover plate (12) in 
an^™( 2 ^; ^ d6fine 3 r8SerV0ir COm ' 3artmert ( 252 > ha ™S an Inlet means (254) and 
(b) a conducting microchannel (262) laser-ablated in the first planar surface (6). wherein the cover plate (12) in 
combination wrth sad conducting microchannel (262) defines a samp.e flow component (202. 204 206 208 

^£7<£S? CndS rCSpeCtive| y in ,,uid communication with the samp.e processing com: 

partment (14) and the reservoir compartment outlet means (256)- 
» (c] I an orifice (18) in divertable fluid communication with the reservoir compartment inlet means (254) said 
orifice enabling the passage of fluid from an external source into the reservoir compartment (252)- and 
d) a motive means (266. 270. 272) enabling the displacement of a fluid from the reservoir compartment (252) 
£aZ h ( i 4 ^ mp ' e,l0W com P° nen * ( 202 . 204. 206. 208. 210. 212) and into the first sample processing com- 
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6. The n-TAS (200) of claim 3, further comprising: 

Plan a ar S sun%cel8) r0Channel ^ haVi " 9 *" ^ m "* *" P ° rt (70) laser " ablated in the second 

ShVh 600 ^ C ^ er . pla !! (66 > dis P° sed ° ver the second planar surface (8). said cover plate (66) in combination 
wrth the second microchannel (62) defining a second sample processing compartment (62V 
(c) conduit means (72) for communicating the outlet port (22) of the first sample processing 'compartment (14) 
and the w* port (68, of the second sample processing compartment (62)Trth each other thSjSShi a 
single continuous sample processing compartment, said conduit means (72) comprising a laser-ablated aper- 
ture in the substrate, said aperture having an axis which is orthogonal to the planar surfaces. 

The P--TAS (200) of claim 6. further comprising detection means (78. 80) comprising apertures laser-ablated resoec- 
bvely ,n the f rrst (12, and second (66) cover plates and arranged in co-axiaTommunLon wrth " e ««5 nSs 



40 

8. 



(72). 

The ji-TAS (200) of claim 6. further comprising 



SUET* -? Cr °f UCture < 252 > "aser-ablated in the first planar surface (6). wherein the cover plate (12) in 
Z£Z TeaT(2lS : m,Cr0StrUClUre d6fine 3 feSerVOir C ° mpartment (252) havin9 an inlet means <»> ^nd 

(b) ia, conducting microchannel (262) laser-ablated in the first planar surface (6), wherein the cover plate (12) in 
combination wrth sad conducting microchannel (262) defines a sample flow component (202. 204 206 208 

TrL SSCOnd 6ndS in f '"'° communication wrth the sample processing com^ 

partment (14) and the reservoir compartment outlet means (256)- 

(c] | an orifice (1«) in divertable fluid communication with the reservoir compartment inlet means (254) said 
onfice enabling the passage of fluid from an external source into the reservoir compartment (252)- and 
W) a motive means (266, 270. 272) enabling the displacement of a fluid from the reservoir compartment (252) 
P^rtnJnUuT COmP ° nent (202 " 20A - 206 - 208 - 2 ™' 212 > and into th a first sample processing com- 

9. The n-TAS (200) of one of claim 3, 5 and 6. further comprising: 
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(a) a sample delivery means (302) in fluid communication with the first sample processing compartment outlet 
port (232 , sa.d sample delivery means (302) comprising a mixing chamber (304) in fluid communication and 
in axial alignment with a fluid communication means (306) and an outlet nozzle (308); 

(b) a fluid source (252) in divertable fluid communication with the fluid communication means (306)- and 

(c a post-column collection device (320) comprising a sample receiving means (322, 324, 328) positioned 
relative to the outlet nozzle (308) to receive eluent from the nozzle means 
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FIG. 10 
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FIG. 18 A 
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